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The present invention demonstrates that SALL4A and
SALLA4B are strong positive regulators of hematopoetic stem
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Figure 10
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Figure 11
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Figure 12
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Figure 29
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Figure 32

Experimental Design — BM recovery or in vivo Expansion of bone marrow HScsfHPCs
Using SALL4B protein
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Figure 38
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1
METHOD FOR EXPANSION OF STEM CELLS
AND THE USE OF SUCH CELLS

This application is a §371 national state of PCT Interna-
tional Application No. PCT/US52011/048819, filed Aug. 23,
2011, claiming the benefit of U.S. Provisional Application
No. 61/376,122, filed Aug. 23, 2010, the contents of each of
which are hereby incorporated by reference in their entirety.

This invention was made with government support under
grant number H[.O87984 awarded by the National Institute of
Health. The government has certain rights in the invention.

Throughout this application, various publications are
referred to by arabic numerals in parentheses. Full citations
for these publications are presented in a References section
immediately before the claims. Disclosures of the publica-
tions cited in the References section in their entireties are
hereby incorporated by reference into this application in
order to more fully describe the state of the art as of the date
of the methods and apparatuses described herein.

FIELD OF THE INVENTION

The present invention relates to ex vivo expansion of a stem
cell population using a polypeptide having the expansion
enhancement activity of a Sal-like (SALL) polypeptide and
the use of such cells.

BACKGROUND OF THE INVENTION

Stem cells have the potential to develop into many different
cell types in the body during early life and growth. Stem cells
can be divided into two broad categories: embryonic and
adult. In a developing embryo, stem cells can differentiate
into all of the specialized embryonic tissues. In adult organ-
isms, stem cells and progenitor cells act as a repair system for
the body, replenishing specialized cells, but also maintain the
normal turnover of regenerative organs, such as blood, skin,
or intestinal tissues. Adult stem cells can differentiate into
multiple pathways. Mesenchymal stem cells are adult stem
cells which give rise to a variety of cell types: bone cells
(osteocytes), cartilage cells (chondrocytes), fat cells (adipo-
cytes), and other kinds of connective tissue cells such as those
in tendons. Neural stem cells are adult stem cells in the brain
which give rise to its three major cell types: nerve cells (neu-
rons) and two categories of non-neuronal cells—astrocytes
and oligodendrocytes. Epithelial stem cells are adult stem
cells in the lining of the digestive tract occur in deep crypts
and give rise to several cell types: absorptive cells, goblet
cells, paneth cells, and enteroendocrine cells. Skin stem cells
are adult stem cells which occur in the basal layer of the
epidermis and at the base ot'hair follicles. The epidermal stem
cells are adult stem cells which give rise to keratinocytes,
which migrate to the surface of the skin and form a protective
layer. The follicular stem cells can give rise to both the hair
follicle and to the epidermis.

Hematopoietic stem cells (HSCs) are rare adult stem cells
that have been identified in fetal bone marrow, fetal liver,
umbilical cord blood, adult bone marrow, and peripheral
blood, which are capable of differentiating into three cell
lineages including myeloerythroid (red blood cells, granulo-
cytes, monocytes), megakaryocyte (platelets) and lymphoid
(T-cells, B-cells, and natural killer) cells. These HSCs are
used in clinical transplantation protocols to treat a variety of
diseases including malignant and non-malignant disorders.
Expansion of HSCs has important clinical applications since
the relative inability to expand hematopoietic stem cells ex
vivo imposes major limitations on the current use of HSC
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transplantation. There is shortage of HSCs used for patient
treatments related to bone marrow transplantation or genetic
disorders. For allogenic bone marrow transplantation, only
one third of all patients who would potentially benefit from an
HSC transplant will find a suitable human leukocyte antigen
(HLA)-matched related donor.

This is especially true in cases where the number of avail-
able stem cells is limiting. This includes cord blood-derived
stem cells for transplantation into adults and infusion of mul-
tiple cord blood units. While these procedures are possibly
effective in increasing the overall incidence of engraftment
they have not overcome the problem of the slow pace of
hematopoietic recovery. Delayed myeloid engraftment after
umbilical cord blood transplantation (UCBT) is often associ-
ated with increased early transplant related morbidity and
mortality. This remains the primary obstacle for the success-
ful use of cord blood as an alternative source of stem cells for
allogeneic transplantation and novel strategies are required to
overcome this problem.

Bone marrow stem cells have been used to treat a variety of
diseases: leukaemia, inflammation, immunology, inborn
anomalies of the blood and immune system, aplastic anaemia,
and haemoglobinopathies. However, it is difficult and time-
consuming to find a matching donor. Only one in three
patients will find a suitable donor and many patients die due
to being unable to find a proper donor. In addition, finding a
proper match is especially problematic for African-Ameri-
cans, Hispanics, Native Americans and people of mixed eth-
nicity. Therefore, it is demanding to develop a process for
growing hematopoetic stem cells, which may eliminate the
need for human donors. Creating a cell bank containing dif-
ferent haplotype of marrow stem cells might enable cells from
one donor to generate enough supply for more than 1,000
recipients.

Stem cells may also hold the key to the fight against HIV.
Possible methods of manipulating blood cells to make them
resistant to HIV infection, includes genetically altering
receptors on stem cells that differentiate to T cells. The modi-
fied stem cells can then be expanded and introduced to
patients with HIV.

At present the standard sources of HSCs are bone marrow
and peripheral blood. To obtain marrow cells, donors must
undergo multiple aspirations to collect several thousand mil-
liliters of bone marrow, a procedure that is carried out under
general anaesthesia. To collect HSCs from the peripheral
blood, the donor must be treated with granulocyte colony-
stimulating factor to increase the number of circulating
HSCs. Both of these procedures entail some risk and signifi-
cant cost.

An important newer source of HSCs is umbilical cord
blood (UCB). Umbilical Cord blood has major advantages
over other sources of HSCs, such as from bone marrow and
mobilized peripheral blood. Not only is UCB readily avail-
able from many of the nearly 50 UCB banks across the U.S.,
italso shows increased tolerance for mismatches with the host
major histocompatability complex (MHC).

In addition to relatively widespread availability, these
HSCs have several useful properties, including their
decreased ability to induce immunological reactivity. In
many cases, use of UCB incurs significantly less graft-versus-
host disease compared to other sources of HSCs.

Yet, while there are clear advantages associated with the
use of UCB, there are key issues that constitute a critical
barrier to expanded use of this source of hematopoietic stem
cells. An obstacle to the successful use of umbilical cord
blood as a source of stem cells for allogenic transplantation is
delayed myeloid engraftment. This results in increased early
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transplant related morbidity and mortality following umbili-
cal cord blood transfusion. Despite intensive and expensive
supportive care, there is still >50% treatment-related mortal-
ity during the first 100 days post-transplant due to delayed
immune system and platelet recovery which leaves patients
vulnerable to opportunistic infections. Infusions of multiple
cord blood units have been used as a possible approach to
increase overall engraftment, but to date have not solved the
problem of slow hematopoetic recovery.

Another barrier to expanded use of UBC is limited HSC
numbers per cord at harvest. As cell dose has been shown to
be a major determinant of engraftment and survival after
UCB transplantation, low stem cell numbers represents the
most significant barrier to successful UCB stem cell trans-
plantation.

The ability to expand ex vivo, prior to transplantation, the
stem cell components of a single cord blood unit will greatly
increase the viability of this treatment modality. Infusing
patients with larger numbers of stem cells as opposed the
limited cells available in an unexpanded cord blood unit,
should greatly increase the likelihood of successful engraft-
ment.

The expansion of non-hematopoietic adult stem cells,
including stem cells isolated from organs such as brain, heart,
liver, pancreas, kidney, lung, etc., has important clinical
applications, particularly as an external source of cells for
replenishing missing or damaged cells of tissues or organs.

Moreover, stem cell gene therapy for hematologic genetic
disorders is constrained by the inefficiency of gene transfer
into early hematopoietic progenitors and stem cells. The bar-
rier that needs to be overcome is to expand the population of
genetically modified cells so that sufficient modified cells can
be obtained before applied to humans. For instance, children
with severe sickle cell disease can be cured with bone marrow
transplants. In the case of'sick cell disease, one does not need
to completely destroy the recipient bone marrow but merely
to replace it with enough healthy or genetically corrected
stem cells so as to produce sufficient quantities of healthy red
blood cells.

Expansion of hematopoietic stem cells (HSCs) has
remained an important goal to develop advanced cell thera-
pies for bone marrow transplantation and many blood disor-
ders. During the last two decades, since the first hematopoi-
etic growth factors were identified, there have been numerous
attempts to expand HSCs in vitro using purified growth fac-
tors that are known to regulate HSCs. However, these
attempts have met with limited success. For example, the
hematopoietic growth factors fetal liver tyrosine kinase (F1t3)
ligand, stem cell factor, and interleukins 6 and 11 promoted
self-renewal of murine hematopoietic stem cells. However,
only a limited expansion of hematopoietic stem cells com-
pared with fresh input cells was observed (1-3).

Although a number of pluripotent embryonic stem (ES)
cell genes are identified, none have emerged as a robust factor
for HSC expansion. They exhibit either a limited or no role in
expansion of HSCs as reported in the literature. The best
studies of pluripotent genes reported to date are OCT4 and
Nanog and both are unable to induce expansion of HSCs. This
conclusion is also supported by our studies that there is no
significant effect on HSC expansion in the tissue culture with
forced expression of these genes using a viral vector.

Activation of Notch-1 in cell intrinsic pathways has been
studied as a possible means to increase expansion of HSCs,
and the studies have shown that the activation of these path-
ways is able to maintain HSCs with lympho-myeloid repopu-
lation potential. Overexpression of HOXB4 is the most effec-
tive method for stem cell expansion reported to date.
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Recently, Antonchuk et al. showed that retroviral overexpres-
sion of HOXB4 for 10 to 14 days in vitro could increase the
number of repopulating HSCs by 40-fold compared with
fresh bone marrow stem cells (4).

However, even 40-fold increase in repopulating HSCs is
not sufficient for a variety of purposes.

SUMMARY OF THE INVENTION

The present invention discloses a method for expanding a
stem cell population using Sal-like (SALL) polypeptide.

The Sal-like (SALL) family (also called Hsal), comprised
of SALLI transcript variant 1 (SEQ ID No:1 [NCBI Refer-
ence Sequence: NM002968.2]), SALLI transcript variant 2
(SEQ ID No:2 [NCBI Reference Sequence:
NM001127892.1]), SALL2 (SEQ ID No:3 [NCBI Reference
Sequence: NM_005407.1]), SALL3 (SEQ ID No:4 [NCBI
Reference Sequence: NM_171999.2]), SALL4a (SEQ ID
No:5 [GenBank: AY172738.1]), and SALL 4b (SEQ ID No:6
[GenBank: AY170621.1]), was originally cloned based on a
DNA sequence homology to the Drosophila gene sal. In a
related aspect, nucleic acid sequences comprising the
sequences set forth as SEQ ID Nos: 1, 2, 3,4, 5, and 6 encode
amino acids in the sequences set forth as SEQ ID Nos: 7,8, 9,
10, 11, and 12, respectively.

In humans, members of the SALL family, including
SALLA4, play an important role in normal development. Par-
allel to its important role in development, the SALL gene
family has been found to be expressed in human and murine
ES cells and during early development. SALL4 is expressed
in the 2-cell stage of the embryo, similar to OCT4, while
expression of SOX2 and NANOG begins in the blastocystic
stage of embryonic development (1-3). Our group and others
have shown that the embryonic stem cell (ESC) factor,
SALLA4, plays a vital role in maintaining ES cell pluripotency
and in governing decisions affecting the fate of ES cells
through transcriptional modulation of Oct4 and Nanog (4, 6,
8-10). We and others have also shown that SALL4 can acti-
vate OCT4 and interact with Nanog (9-11), and the SALL4/
OCT4/Nanog transcriptional core network is essential for the
maintenance of “stemness” of ES cells. By 10.5 days post-
coitum, SALL4 is detectable mainly in the stem/progenitor
populations in various organ systems including the brain and
bone marrow of the embryo and later in the adult. This may
suggest that SALL4 is not only involved in ESCs but also in
adult stem cells (12-14).

This invention provides a method for expanding a stem cell
population ex vivo, the method comprising providing to the
stem cell population a polypeptide having the expansion
enhancement activity of a Sal-like (SALL) polypeptide in an
amount effective to expand the stem cell population ex vivo.

This invention further provides a composition for enhanc-
ing the expansion of a stem cell population in a subject, the
composition comprising SALL polypeptide in an effective
amount for the expansion of the stem cell population, and a
culture media.

This invention further provides a method for identitying an
agent for the expansion of a stem cell population, the method
comprising (a) obtaining a candidate agent; (b) exposing a
stem cell from the population to the candidate agent and (¢)
determining whether a SALL polypeptide is up-regulated in
the stem cell, wherein if SALL polypeptide is up-regulated,
then the agent is determined to be an agent for the expansion
of'the stem cell population.

This invention further provides a method for treatment or
prophylaxis of diseases, disorders, or abnormalities in a sub-
ject requiring a stem cell or an expanded stem cell derived
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therefrom, the method comprising a) obtaining a stem cell
population, b) providing to the stem cell population a SALL
polypeptide in an amount effective to expand the stem cell
population, and c) transplanting the expanded stem cell popu-
lation to the subject in an amount effective for the treatment or
prophylaxis of the diseases, disorders, or abnormalities of the
subject.

This invention further provides a stem cell bank, compris-
ing genetically distinct stem cell populations, wherein the
stem cell populations have been expanded according to meth-
ods of the claims.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Schematic diagram of the SALL4A and SALL4f
isoforms demonstrating the variable number of zinc finger
domains possessed by each. The HSCs were transduced with
either the SALL4A or SALL4B gene using a lentiviral trans-
fection system.

FIG. 2. Bright field and fluorescent images of human bone
marrow CD34+ cells. Bright field (left) and fluorescent
(right) images illustrating the infection efficiency of lentiviral
constructs containing GFP+SALL4A, GFP+SALL4B, and
GFP only. Images were taken 48 hours post infection with
lentiviruses.

FIG. 3. (A) HSCs transduced with SALL4A and SALL4B
are able to survive and expand rapidly 7 days after lentiviral
infection. (B) CD34+ cells isolated from peripheral blood
stem cells of 3 different patients. CD34+ cells were isolated
from the stem cell pool using magnetic anti-CD34+ human
microbeads. The CD34+ enriched cells were transduced with
SALL4A and imaged under bright field and fluorescent
microscopy. All three samples from the various patients were
successfully transduced with SALL4A and expanded rapidly
in culture. In addition, SALL4-induced HSCs are able to
expand when growth factor concentrations are decreased.

FIG. 4. Bright field and fluorescent images of human bone
marrow CD34+ cells transduced with GFP (i and ii) or rep-
resentative SALL4 isoform, B (v and vi) 9 days post infec-
tion. Initially, 50,000 CD34+/CD38- cells were plated. High
magnification of SALL4B-transduced HSC clusters (vii, and
viii). The GFP cell clusters signified positive overexpression
of SALL4B. With SALL4B overexpression, HSC cell clus-
ters are able to survive and are rapidly expanding at 9 days
post infection.

FIG. 5. Cell expansion of SALL4-induced HSCs versus
control cells. At two days following lentiviral infection, simi-
lar amounts of HSC clones are visible in both the GFP-
transduced and SALIL4-transduced cell cultures. At 11 days
post infection, the SALL4-transduced HSCs are proliferating
and expanding. Notice the formation of proliferating cell
clusters in the HSCs overexpressing SALL-4 compared to the
low number of cells in the GFP-induced control HSCs.

FIG. 6. 16 days post lentiviral infection, SALL4-induced
HSCs continue to expand while control cells undergo cell
death or differentiation. 16 days after infection, control GFP-
transduced cells have depleted from the cell culture due to
differentiation and death. In contrast, in HSCs overexpressing
SALLA4A or SALLA4B, cells continue to expand and survive.
Multiple healthy expanding clusters are visible throughout
the cell culture.

FIG. 7. (A) Growth curves of CD34+ cells transduced with
SALLA4A, SALLAB, or GFP and cultured in media containing
75% less cytokines. After transduction, 50,000 cells of each
group were cultured in stringent conditions in which normal
cytokine concentrations were decreased by 75%. HSCs trans-
duced with SALL4A or SALL4B continued to survive and
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expand over 7 days while control cells growth halted at day 5.
(B) Fold expansion of CD34+/CD38- cells 14-days post
infection of Lenti-SALL4A or —SALLA4B versus control.
Cells transduced with SALL4A demonstrated a 368 fold
increase of CD34+/CD38- cells over control while those
transduced with SALL4B showed a 384 fold increase. (C)
Phenotypic analysis of SALL4-induced hematopoietic stem
cells 31 days post lentiviral infection. Human-specific anti-
bodies CD34-PE and CD38-APC were utilized to compare
SALLA4-transduced HSCs versus 3-day control cells. 31 days
after lentiviral infection, the aged SALIL4-induced cells con-
tinued to demonstrate similar phenotypic ratios compared to
control cells for CD34+/C38-. FLOW analysis was carried
out on three separate samples. Therefore, many of these aged
cells still attained progenitor characteristics and had the abil-
ity to differentiate into various cells lines. (D) 31-day old
SALL4-induced HSCs attain blast-like morphology. Aged
31-day old SALIL4-induced HSCs were Wright-Giemsa
stained. Many cells showed blast-like morphology including
large nuclei and scant cytoplasm. These cells represented a
population of undifferentiated cells still visible 31 days after
SALLA4-lentiviral infection and expansion.

FIG. 8. Representative phenotypic analysis of SALL4-
induced hematopoietic stem cells 14 days post lentiviral
infection (n=4). Human-specific antibodies CD34-PE and
CD38-APC were utilized to compare SALIL4-transduced
HSCs versus 3-day control cells.

FIG. 9. A single SALL4-induced GFP-positive cluster can
be dissociated and expanded to form new HSC clusters. A
single 7-day old cluster overexpressing SALL4 was picked
from an initial cell culture, gently dissociated, and replated
into a single well of a 48-well plate. 4 days later, the HSCs
were able to expand and form new proliferating healthy cell
clusters leading to a net increase in the number of clones.

FIG.10. 18-day old SALL4-induced HSCs attain blast-like
morphology. Aged 18-day old SALL4-induced HSCs were
placed in a cytospin and giemsa stained. Many cells showed
blast-like morphology including large nuclei and scant cyto-
plasm. These cells represented a population of undifferenti-
ated cells still visible 18 days after SALL4-lentiviral infection
and expansion.

FIG. 11. CFU progenitors are GFP-positive. HSC cells
selected for CFU assays were GFP-positive which verified
that the cells were successfully transduced and overexpress-
ing SALLA4.

FIG. 12. Various CFU colonies are able to differentiate
from SALL4-induced HSCs. Aged SALL4-induced HSCs
were plated in Methocult and observed for CFU colonies.
Numerous lineages were observed in CFU assays utilizing
the SALL4-induced HSCs including BFU-E, CFU-GM, and
CFU-GEMM colonies. These data demonstrated that the
aged HSCs transduced with SALL4 were capable of differ-
entiating into different blood cell lineages.

FIG. 13. SALL4-induced HSCs are able to expand when
growth factor concentrations are decreased by 50%. When
SALLA4-transduced HSCs were cultured in growth media
containing 50% less cytokines, they were still able to survive
and expand 6 days post lentiviral infection. Furthermore,
when growth factor concentrations were decreased to 25% of
original values, the SALL4-transduced HSCs continued to
proliferate. In contrast, control cells had undergone cell death
by day 6.

FIG. 14. SALIL4-induced HSCs successfully proliferate
when growth factors are decreased by 25%. SALL4-induced
HSCs are able to expand when growth factor concentrations
are decreased by 50%. When Sall4-transduced HSCs were
cultured in growth media containing 50% less cytokines, they
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were still able to survive and expand 6 days post lentiviral
infection. Furthermore, when growth factor concentrations
were decreased to 25% of original values, the SAL.I 4-trans-
duced HSCs continued to proliferate. In contrast, control cells
had undergone cell death by day 6.

FIG. 15. Model of SALL4-mediated ex vivo HSC expan-
sion. The primary culture was divided and transduced with a
SALL4 or GFP control. The viable HSCs without SALL4
overexpression decreased in number due to differentiation or
death leading to a net HSC decline. In contrast, HSCs in
which SALL4 was overexpressed, many clones were able to
survive and expand in the culture. A net HSC expansion was
exhibited with numerous expanding clusters throughout the
culture.

FIG. 16. Phenotypic analysis of SALL4-induced hemato-
poietic stem cells 14 and 23 days post lentiviral infection.
Human-specific antibodies CD34-PE and CD38-APC were
utilized to compare SALL4-transduced HSCs versus control
cells. 14 (top) and 23 (bottom) days after lentiviral infection,
the aged SALIL4-induced cells continued to demonstrate
similar phenotypic ratios compared to control cells for
CD34+/C38-. Therefore, many of these aged cells still
attained progenitor characteristics and had the ability to dif-
ferentiate into various cells lines.

FIG. 17. SALL4 binds to important HSC signaling genes.

FIG. 18. CD34+ cells isolated from peripheral blood stem
cells of 3 different patients. CD34+ cells were isolated from
the stem cell pool using magnetic anti-CD34+ human micro-
beads. The CD34+ enriched cells were transduced with
SALL4A and imaged under brightfield and fluorescent
microscopy. All three samples from the various patients were
successfully transduced with SALL4A and expanded rapidly
in culture.

FIG. 19. Growth curves of SALL4 induced 32D cells cul-
tured only with G-CSF. 32D cells were transduced with
SALL4A, SALLA4B, or GFP lentivirus then cultured for three
days in growth media containing I[.-3. On the 4th day, 15000
cells were aliquoted from each group and placed in new
growth media with G-CSF and without IL-3. Cell growth was
monitored daily and the viable number of cells in each group
was recorded. In cells that were transduced with SALL4A, an
8-fold increase in the number of cells was observed from day
1 to 7. Cells that were transduced with SALL4B exhibited a
7-fold expansion of cells. In contrast, cells that were only
transduced with GFP and WT (no lentiviral infection) dem-
onstrated a decrease in the number of cells over the same
period with almost all the cells undergoing cell death by day
5.

FIG. 20. Wright-Giemsa staining of 32D cells. Morphol-
ogy of 32D cells with IL3 alone (A), transduced with
SALLA4A with G-CSF (B) and with G-CSF alone (C). Cells
given IL3 or transduced with SALL4A continue to demon-
strate blast-like morphology (A or B), while the cells not
transduced with SALL4A and given G-CSF exhibit neutro-
phil morphology (C).

FIG. 21. The HA-SALIL4A and His-SALL4B or
HA-SALL4B and His-SALI4A transfected lysate of 293
cells were mixed with equal amounts and blotted with Anti-
HA and Anti-His showing the present of these proteins in the
lysates. Each lysate mixture was used to pull-down with
Anti-HA antibody and resulting precipitated protein mixtures
were subjected to Western blotting using antibodies against
His tag.

FIG. 22. (A) Various CFU colonies are able to differentiate
from SALL4-induced HSCs. Aged SALL4-induced HSCs
were plated in Methocult and observed for CFU colonies.
Numerous lineages were observed in CFU assays utilizing
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the SALL4-induced HSCs including CFU-GEMM, BFU-E,
and CFU-GM colonies. These data demonstrated that the
aged HSCs transduced with SALL4 were capable of differ-
entiating into different blood cell lineages. (B) Number of
CFU colonies formed from SALL-4 induced hematopoietic
stem cells. The number of CFU colonies was counted 13-18
days after SALL-4 induced or GFP-induced cells were cul-
tured in CFU Methocult media. The representative data from
day 18 are shown. (C) Types of CFU colonies formed at day
18.

FIG. 23. (A) After one month of cell culture, CD34+ cells
transduced with SALL4A or SALL4B had 1780 and 1463
fold increases respectively relative to control cells. Values are
meansxs.d. (B) Furthermore, SALL4 transduced -cells
showed 9.32 fold increases for SALL4A and 8.88 fold
increases for SALL4B versus controls for the total number of
LTC-ICs after one month. Values are meanszs.d. (C) Overall,
SALILAA transduced cells had a total fold CD34+/CD38-
stem cell expansion 16776 over control while SALL4B trans-
duced cells showed 13320 fold increases. Values are
means*s.d. (D) Representative flow cytometry analysis 4
weeks post-injection for CD45+ human leukocytes from
peripheral blood of NOD/SCID recipients transplanted with
SALL4A- or SALL4B-transduced HSCs. (E) Representative
flow cytometry profile 4 weeks post-injection of a mouse
exhibiting multilineage repopulation of human cells by
engrafted cells. While the negative control animal showed no
engraftment of human cells, the experimental animal showed
both CD15+ myeloid and CD19+ lymphoid human cell
engraftment. (F) and Flow analysis of secondary and tertiary
bone marrow transplant NOD/SCID mice. The animals were
positive for CD45+ cells in both secondary (2.74%) and ter-
tiary (3.29%) transplants. When the CD45+ population in the
tertiary transplant was analyzed further for specific lineages,
CD33 myeloid and CD19/CD3 lymphoid cells were posi-
tively measured (G). (H) Amount of human chimerism in the
peripheral blood of NOD-SCID mice transplanted with
20,000 (SALL4A (M), SALL4B (A), or GFP (4)) or 40,000
(SALL4A (O), SALLAB (A), or GFP ($)) initial human
CD34+ cells. (I) Limiting-dilution analysis of CD34+ bone
marrow cells injected into NOD-SCID mice (n=72) after
lentiviral transfection with SALL4A ((J), SALL4B (A), or
GFP (o).

FIG. 24. SALL4-induced expansion of 32D cells prolifer-
ate after the removal of IL-3 and addition of G-CSF. Three
days after the removal of IL-3 and addition of G-CSF to the
growth media of the cells, the SALL4A- and SALL4B-in-
duced cells continue to expand while the GFP induced cells
exhibit a decrease in cell number. At 7 days, the SALL4A- (i)
and SALL4B-induced (ii) cells continue to proliferate while
the control cells (iii) have undergone cell death.

FIG. 25. (A) Schematic representation of human His-TAT-
SALLA4B construct. This construct was generated by cloning
the human SALL4B cDNA into a pTAT-pET28b vector (gift
from S. F. Dowdy, University of California, San Diego). (B)
Affinity purification of His-TAT-SALLL4B as detected by
Coomassie blue-stained SDS-PAGE. CL, clear lysates with
0.1 mM IPTG induction for 3 h; FT, flow through; W, wash; E,
eluates. The band indicated by the arrow was further identi-
fied by LC-MS/MS as shown in part (D). (C) Western blot of
purified His-TAT-SALL4B by using anti-6xHis tag mouse
monoclonal antibodies. W, wash; E, eluates. (D) Identifica-
tion of purified His-TAT-SALL4B protein by LC-MS/MS. A
representation of sequence coverage with purified SALL4B
in part (B). The peptides of His-TAT-SALIL 4B identified by
LC-MS/MS are in black color. The percentage of sequence
coverage in the specified band was 34% (58 peptides).



US 9,309,496 B2

9

FIG. 26. Human bone marrow CD34+ cells expand at a
higher rate when treated with TAT-SALL4B protein. (A)
Brightfield images of CD34+ cells after 3 days of protein
treatment. (B) Fold increase and total cell number (C) of
TAT-SALLA4B treated bone marrow cells versus control cells
treated solely with BSA. (D) Number of CFU colonies
formed from hematopoietic stem cells treated with TAT-
SALLA4B protein compared to unmanipulated CD34+ cells.

FIG. 27. Number of CFU colonies formed from SALL-4
induced hematopoeitic stem cells. The number and type of
CFU colonies were counted 13-18 days after SALL-4
induced or GFP-induced cells were cultured in CFU methoc-
ult media.

FIG. 28. Multilineage repopulation of engrafted human
cells in NOD/SCID mice. Representative flow cytometry pro-
file of mouse bone marrow exhibiting multilineage repopu-
lation of human cells by engrafted cells. The experimental
animals showed CD3+/CD19+ lymphoid, CD15+ myeloid,
and Glycophorin-4A+ erythroid human cell engraftment 15
weeks post-injection.

FIG. 29. Western blot of the purification of His-TAT
SALLA4 isolated from S19 cells infected with the baculovi-
rus. Antibodies used were anti-SALIL4, (Abnova, Taipei City,
Taiwan) 1:2000; and anti-mouse HRP [goat], Abnova,
1:2000.

FIG. 30. S9 cells infected with baculovirus; 4th day.

FIG. 31. TAT-SALIL4B increase the proliferation of mouse
whole bone marrow cells.

FIG. 32. Bone marrow recovery in SALL4 treated animals
with expansion of marrow cells (experimental design).

FIG. 33. Expansion of bone marrow cells after injection of
TAT-SALL4B

FIG. 34. Comparisons of bone marrow cell expansion after
peritoneal injections of PBS, G-SCF and SALL4B in mice.
Histological sections of bone marrow cavity showing expan-
sion of marrow cells.

FIG. 35. CFC numbers of bone marrow cells from PBS,
SALLA4B or G-CSF treated mice. C57B/6 mice were lethally
irradiated (7Gy) and received treatment from 24 hours after
irradiation for 7 days. At day 8, mice bone marrow cells were
isolated and cultured in MethoCult for CFC assays. Per
20,000 whole bone marrow cells, the day 7 CFCs of PBS,
SALL4B and G-CSF group were 6x1.41, 11.3£2.51 and
18+2.82 respectively (P values of PBS vs SALL4B, PBS vs
G-CSF, SALLAB vs G-CSF are <0.05).

FIG. 36. Fold increase of HSCs (Scall+/c-kit+) vs control
(PBS) from animals treated with SALL4B, G-CSF, or PBS.

FIG. 37. Fold increase of long-term engraftment of human
UCB in the peripheral blood of NOD-SCID mice. Approxi-
mately 20,000 cord blood derived-CD34+ cells were trans-
planted into sub-lethally irradiated NOD/SCID mice and
treated with 2 pg/day SALL4B protein for 7 days and then 2
ng/day every other day for an additional week. CD45 cells
(UCB cells) 16 weeks post-transplant compared to PBS
treated controls will be measured by flow cytometry.

FIG. 38. SALL4B enhances long-term engrafiment of
human cord blood cells in NOD/SCID mouse. 20,000 human
cord blood CD34+ cells were transplanted into NOD/SCID
mice 24 hours after sub-lethal irradiation (2.5Gy). Mice were
treated with 2 ug TAT-SALL4B protein or PBS for 2 weeks
(once a day for the first week and once every other day for the
second week). Mice bone marrow cells were collected 4
months post transplantation and analyzed by flow cytometry
for CD45 positive cells (engrafted core blood cells).

FIG. 39. SALL4B increases CFC numbers of peripheral
blood (PB). Wild type C57B/6 mice received PBS or 6 ug
TAT-SALLA4B protein injection (intraperitoneal injection) for
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5 days and PB were collected 2 hours after last injection. The
nucleated cells from peripheral blood of injected mice were
used for CFC (colony forming progenitor cell) assays. CFC
numbers on Day 7 were counted under microscope.

DETAILED DESCRIPTION OF THE INVENTION

Exemplary Embodiments of the Invention

This invention provides a method for expanding a stem cell
population, the method comprising providing to the stem cell
population a polypeptide having the expansion enhancement
activity of a Sal-like (SALL) polypeptide in an amount effec-
tive to expand the stem cell population.

In one embodiment, the stem cell is an adult stem cell.

In some embodiments, the stem cell is in or derived from
the brain, liver, heart, kidney, skin, pancreas, bladder, gall
bladder, large intestine, small intestine, stomach, skeletal
muscle, or lung.

In another embodiment, the stem cell is a hematopoietic
stem cell.

In yet another embodiment, the hematopoietic stem cell is
in or derived from umbilical cord blood, peripheral blood,
bone marrow, or spleen. In yet another embodiment, the
hematopoietic stem cell is a human stem cell.

In some embodiments, methods for expanding a stem cell
population also comprise administration of a SALL polypep-
tide in combination with a stimulating factor. In some
embodiments, the stimulating factor is G-SCF, GM-CSF,
M-CSF, a stem cell factor, or FMS-like tyrosine kinase-3
(FLT-3).

In some embodiments, the stem cell population is
expanded ex vivo.

In some embodiments, the stem cell population is
expanded in vivo. In another embodiment, stem cell popula-
tion is cultured in media comprising 50 ng/ml FMS-like
tyrosine kinase-3 (FLT-3), 50 ng/ml Thrombopoietin (TPO),
and/or 50 ng/ml Stem cell factor (SCF).

In another embodiment, the stem cell population is cul-
tured in media comprising 25 ng/ml FMS-like tyrosine
kinase-3 (FLT-3), 25 ng/ml Thrombopoietin (TPO), and/or 25
ng/ml Stem cell factor (SCF).

In one embodiment, the SALL polypeptide is attached to a
transport moiety capable of crossing a cell membrane,
thereby transporting the SALL polypeptide into the cell.

In another embodiment, the transport moiety is a HIV-1
transactivator of transcription (TAT) peptide, a Chariot pro-
tein, an arginine-rich peptide, an Antennapedia-derived pen-
etratin peptide, a herpes simplex virus type 1 VP22 protein, or
a +36 GFP.

In another embodiment, SALL for use in the present inven-
tion may be in the form of a nucleic acid or a polypeptide.

In one embodiment, the SALL polypeptide comprises
amino acids in the sequence set forth in SEQ ID No: 7, 8, 9,
10,11 or 12.

In one embodiment, SALL polypeptide is encloded by
nucleotide sequence comprising SEQ ID No: 1,2,3,4,5or 6.

In another embodiment, the stem cell population is pro-
vided with SALL polypeptide comprising amino acids in the
sequence set forth in SEQ ID No: 7, 8, 9, 10, 11 and/or 12.

In one embodiment, a cell in the population is transduced
with a viral vector comprising nucleotides encoding the
SALL polypeptide, thereby providing the SALL polypeptide
to the stem cell population.

In another embodiment, the viral vector is derived from,
but are not limited to, adenoviruses, baculoviruses, parvovi-
ruses, herpesviruses, poxviruses, adeno-associated viruses,
Semliki Forest viruses, vaccinia viruses, and retroviruses.
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In one embodiment, the exogenous SALL gene is tran-
siently expressed in the stem cell.

In another embodiment, nucleotides encoding the SALL
polypeptide comprise sequence as set forth in SEQ ID No: 1,
2,3,4,50r6.

In another embodiment, the nucleotides encoding the
SALL polypeptide are expressed under the control of an
inducible promoter.

In another embodiment, SALL polypeptide for use in the
present invention may be exogenous or endogenous. Prefer-
ably, SALL polypeptide is exogenous. In the present inven-
tion, an exogenous SALL polypeptide is provided to a cell,
thereby promoting the expansion of the cell. In this case, an
endogenous SALL polypeptide may be supplemented with an
exogenous SALL polypeptide to enhance the eftect thereof.

In one embodiment, the stem cell population is expanded
10-fold, 20-fold, 50-fold, 100-fold, or 1000-fold.

This invention further provides a composition for enhanc-
ing the expansion of a stem cell population in a subject, the
composition comprising SALL polypeptide in an effective
amount for the expansion of the stem cell population, and a
culture media. In one embodiment, the composition further
comprises stem cells.

This invention further provides a method for identifying an
agent for the expansion of a stem cell population, the method
comprising (a) obtaining a candidate agent; (b) exposing a
stem cell from the population to the candidate agent and (¢)
determining whether a SALL polypeptide is up-regulated in
the stem cell, wherein if SALL polypeptide is up-regulated,
then the agent is determined to be an agent for the expansion
of'the stem cell population. In one embodiment, the candidate
agent may be provided in a library. In another embodiment,
the invention provides an agent for the expansion of a stem
cell obtained by the above-described screening method.

This invention further provides a method for treatment or
prophylaxis of diseases, disorders, or abnormalities in a sub-
ject requiring a stem cell or an expanded stem cell derived
therefrom, the method comprising a) obtaining a stem cell
population, b) providing to the stem cell population a SALL
polypeptide in an amount effective to expand the stem cell
population, and c) transplanting the expanded stem cell popu-
lation to the subject in an amount effective for the treatment or
prophylaxis of the diseases, disorders, or abnormalities of the
subject.

In one embodiment, the present invention may target
hematopoietic and circulatory (blood cells, etc.) diseases,
disorders or abnormalities, including, but are not limited to,
anemia (e.g., aplastic anemia (particularly, severe aplastic
anemia), renal anemia, cancerous anemia, secondary anemia,
refractory anemia, etc.), cancer or tumors (e.g., leukemia);
and after chemotherapy therefor, hematopoietic failure,
thrombocytopenia, acute myelocytic leukemia (particularly,
a first remission (highrisk group), a second remission and
thereafter), acute lymphocytic leukemia (particularly, a first
remission, a second remission and thereafter), chronic myelo-
cytic leukemia (particularly, chronic period, transmigration
period), malignant lymphoma (particularly, a first remission
(high-risk group), a second remission and thereafter), mul-
tiple myeloma (particularly, an early period after the onset),
and the like. The present invention also targets heart failure,
stenocardia, cardiac infarction, arrhythmia, valvular heart
diseases, myocardial/pericardial diseases, congenital heart
diseases (e.g., atrial septal defect, ventricular septal defect,
arterial duct patency, tetralogy of Fallot), arterial diseases
(e.g., arterial sclerosis, aneurysm, etc.), venous diseases (e.g.,
phlebeurysm, etc.), and lymph vessel diseases (e.g., lym-
phatic edema), sickle cell disease, and treatment of radiation
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induced injuries, autoimmune diseases, cerebral palsy, criti-
cal limb ischemia, degenerative joint disease, diabetes type 2,
heart failure, multiple sclerosis, osteoarthritis, rheumatoid
arthritis, and spinal injury.

The invention further provides a stem cell bank, compris-
ing genetically distinct stem cell populations, wherein the
stem cell populations have been expanded according to the
methods of the subject invention.

This invention provides a method for expanding a stem cell
population in a subject, comprising increasing the amount of
SALL polypeptide in the subject.

This invention further provides a method for increasing the
size of a progenitor cell population in a subject the method
comprising the method comprising increasing the amount of
SALL polypeptide in the subject.

In some embodiments, increasing the amount of SALL
polypeptide in the subject comprises introducing into the
subject the SALL polypeptide.

In some embodiments, increasing the amount of SALL
polypeptide in the subject comprises introducing into the
subject a nucleic acid molecule having nucleotides in a
sequence encoding the SALL polypeptide.

In some embodiments, the nucleotides encoding the SALL
polypeptide comprise nucleotides in the sequence as set forth
as SEQID No: 1,2,3,4,5 or 6.

In some embodiments, the SALL polypeptide comprises a
transport moiety capable of crossing a cell membrane,
thereby transporting the SALL polypeptide into the cell.

In some embodiments, the protenitor cell is a hematopoe-
itic projenitor cell population.

Aspects of the invention also provide methods of enhanc-
ing the long-term engraftment of hematopoietic stem cells in
a subject. In some embodiments, the hematopoietic stem cells
are derived from a donor.

Non-limiting examples of diseases, disorders, or abnor-
malities in a subject requiring a stem cell or an expanded stem
cell derived therefrom include but are not limited to severe
aplastic anemia, leukopenia, neutropenia, acute radiation
syndrome, multiple myeloma, non-Hodgkin’s lymphoma,
and Hodgkin’s lymphoma. Methods of the present invention
may be used in combination with various cancer treatment
which are known to produce side effects such as a decrease in
the number of white blood cells such as chemotherapy, radia-
tion therapy, and bone marrow transplantation.

Each embodiment disclosed herein is contemplated as
being applicable to each of the other disclosed embodiments.
Thus, all combinations of the various elements described
herein are within the scope of the invention.

It is understood that where a parameter range is provided,
all integers within that range, and tenths thereof, are also
provided by the invention. For example, “0.2-5 mg/kg/day”
includes 0.2 mg/kg/day, 0.3 mg/kg/day, 0.4 mg/kg/day, 0.5
mg/kg/day, 0.6 mg/kg/day etc. up to 5.0 mg/kg/day.
Definitions

Stem cell as used herein refers to a cell having the ability to
both self-renew indefinitely and differentiate to produce at
least one functional, terminal cell type.

Progenitor cell as used herein refers to a cell having a
limited ability to self-renew and which differentiates to pro-
duce at least one functional, terminal cell type.

Hematopoietic cells as used herein refer to cells normally
found in the blood as well as cells that give rise to cells
normally found in the blood, such as cells found in the bone
marrow. In this context “normally” includes the situation
where a person is treated to alter the number or quality oc cells
in the blood of bone marrow.
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Hematopoietic stem cells as used herein refers to multipo-
tent stem cells that give rise to all blood cell types.

“Expanding” as used herein refers to increasing the num-
ber of stem cells by proliferation of the stem cells, as opposed
to converting cells which are not stem cells into stem cells.

Sal-like (SALL) gene or polypeptide is used herein to
comprise SALL1, SALL2, SALL3, and SALL4, which were
originally cloned based on a DNA sequence homology to the
Drosophila gene sal. SALL4 comprises SALIL4a and
SALLA4b.

Viral vector is used herein to mean a vector that comprises
all or parts of a viral genome which is capable of being
introduced into cells and expressed. Such viral vectors may
include native, mutant or recombinant viruses. Such viruses
may have an RNA or DNA genome. Examples of suitable
viral vectors include, but are not limited to, adenoviruses,
baculoviruses, parvoviruses, herpesviruses, poxviruses,
adeno-associated viruses, Semliki Forest viruses, vaccinia
viruses, and retroviruses and hybrid vectors.

A “transport moiety” is used herein to mean a polypeptide
that is capable of crossing a cell membrane and can transport
a polypeptide of the present invention into a stem cell.
Examples of transport moities include but are not limited to,
HIV-1 transactivator of transcription (Tat) peptide, a
Chariot™ protein, an arginine-rich peptide, an Antennape-
dia-derived penetratin peptide, a herpes simplex virus type 1
VP22 protein, and a +36 GFP. In embodiments in which a
SALL polypeptide is attached to a transport moiety,
“attached” can be covalently attached.

The term “amount effective” means the amount of the
subject polypeptide or stem cell that will elicit the biological
or medical response of a cell, tissue, system, animal or human
that is being sought by the researcher, veterinarian, medical
doctor or other clinician.

A “construct” is used to mean recombinant nucleic acid
which may be a recombinant DNA or RNA molecule, thathas
been generated for the purpose of the expression of a specific
nucleotide sequence(s), or is to be used in the construction of
other recombinant nucleic acids. In general, “construct” is
used herein to refer to an isolated, recombinant DNA or RNA
molecule.

The term “capable of engraftment” is used in here to refer
to the ability of a hematopoietic cell to implant into the bone
marrow for an extended period of time, e.g. at least one year.
Implantation may be detected directly, (e.g. by biopsy) or by
the production of progeny cells in the blood.

Transduction is used to refer to the introduction of genetic
material into a cell by using a viral vector. As used herein a
transduced cell results from a transduction process and con-
tains genetic material it did not contain before the transduc-
tion process, whether stably integrated or not.

The phrase “culture media” is used to mean any of the
standard culture media for culturing stem cells.

“Nucleic acid sequence” as used herein refers to an oligo-
nucleotide, or polynucleotide, and fragments or portions
thereof, and to DNA or RNA of genomic or synthetic origin
which may be single- or double-stranded, and represent the
sense or antisense strand. Similarly, “amino acid sequence”
as used herein refers to an oligopeptide, peptide, polypeptide,
or protein sequence, and fragments or portions thereof, and to
naturally occurring or synthetic molecules.

Throughout this specification the word “comprise”, or
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the
exclusion of any other element, integer or step, or group of
elements, integers or steps.
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Stem Cells

Stem cells of the present invention (e.g., adult stem cells,
and hematopoietic stem cells) include all those known in the
art that have been identified in mammalian organs or tissues.
Stem cells may include, but are not limited to pluripotent stem
cells, mesenchymal stem cells, hematopoietic stem cells,
myeloid stem cells, and lymphoid stem cells. The best char-
acterized is the hematopoietic stem cell. The hematopoietic
stem cell, isolated from bone marrow, blood, cord blood, fetal
liver and yolk sac, is the progenitor cell that generates blood
cells or following transplantation reinitiates multiple hemato-
poietic lineages and can reinitiate hematopoiesis for the life
of a recipient. (See Fei, R., et al., U.S. Pat. No. 5,635,387,
McGlave, et al., U.S. Pat. No. 5,460,964, Simmons, P., et al,
U.S. Pat. No. 5,677,136; Tsukamoto, et al., U.S. Pat. No.
5,750,397, Schwartz, et al., U.S. Pat. No. 5,759,793; DiGu-
isto, et al., U.S. Pat. No. 5,681,599; Tsukamoto, et al, U.S.
Pat. No. 5,716,827; Hill, B., et al. 1996.) When transplanted
into lethally irradiated animals or humans, hematopoietic
stem cells can repopulate the erythroid, neutrophil-macroph-
age, megakaryocyte and lymphoid hematopoietic cell pool.

It is well known in the art that hematopoietic cells include
multipotent stem cells (e.g., a lymphoid stem cell), and/or
progenitor cells committed to specific hematopoietic lin-
eages. The progenitor cells committed to specific hematopoi-
etic lineages may be of T cell lineage, B cell lineage, dendritic
cell lineage, Langerhans cell lineage and/or lymphoid tissue-
specific macrophage cell lineage. Hematopoietic stem cell
and progenitor cell lineages are discussed in Sieburg et al.
2006, Schroeder et al. 2010, Dykstra et al. 2007, and U.S. Pat.
No. 7,994,114, the contents of which are incorporated herein
by reference.

Hematopoietic stem cells can be obtained from blood prod-
ucts. A “blood product” as used in the present invention
defines a product obtained from the body or an organ of the
body containing cells of hematopoietic origin. Such sources
include unfractionated bone marrow, umbilical cord, periph-
eral blood, liver, thymus, lymph and spleen. It will be appar-
ent to those of ordinary skill in the art that all of the afore-
mentioned crude or unfractionated blood products can be
enriched for cells having “hematopoietic stem cell” charac-
teristics in a number of ways. For example, the blood product
can be depleted from the more differentiated progeny. The
more mature, differentiated cells can be selected against, via
cell surface molecules they express. Additionally, the blood
product can be fractionated selecting for CD34+ cells.
CD34+ cells are thought in the art to include a subpopulation
of cells capable of self-renewal and pluripotentiality. Such
selection can be accomplished using, for example, commer-
cially available magnetic anti-CD34 beads (Dynal, Lake Suc-
cess, N.Y.). Unfractionated blood products can be obtained
directly from a donor or retrieved from cryopreservative stor-
age.

Hematopoietic stem cells may be harvested or collected
prior to expansion of the stem cell population ex vivo. “Har-
vesting” hematopoietic progenitor cells is defined as the dis-
lodging or separation of cells from the matrix. This can be
accomplished using a number of methods, such as enzymatic,
non-enzymatic, centrifugal, electrical, or size-based meth-
ods, or preferably, by flushing the cells using media (e.g.
media in which the cells are incubated). The cells can be
further collected, separated, and further expanded using the
subject invention and generating larger populations.

Methods for isolation of hematopoietic stem cells are well-
known in the art, and typically involve subsequent purifica-
tion techniques based on cell surface markers and functional
characteristics. The hematopoietic stem and progenitor cells
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can be isolated from bone marrow, blood, cord blood, fetal
liver and yolk sac, and give rise to multiple hematopoietic
lineages and can reinitiate hematopoiesis for the life of a
recipient. (See Fei, R., et al., U.S. Pat. No. 5,635,387,
McGlave, et al., U.S. Pat. No. 5,460,964; Simmons, et al.,
U.S. Pat. No. 5,677,136; Tsukamoto, et al., U.S. Pat. No.
5,750,397, Schwartz, et al., U.S. Pat. No. 5,759,793; DiGu-
isto, et al., U.S. Pat. No. 5,681,599, Tsukamoto, et al., U.S.
Pat. No. 5,716,827; Hill, B., et al. 1996.) For example, for
isolating hematopoietic stem and progenitor cells from
peripheral blood, blood in PBS is loaded into a tube of Ficoll
(Ficoll-Paque, Amersham) and centrifuged at 1500 rpm for
25-30 minutes. After centrifuigation the white center ring is
collected as containing hematopoietic stem cells.

Stem cells may be isolated from other tissues such as the
brain, liver, heart, kidney, skin, and lung.

Stem Cell Transplantation

Stem cell transplantation can be used as part of the treat-
ment for blood disorders such as leukemia, certain types of
lymphoma (including Hodgkin lymphoma), aplastic anemia,
thalassemia, sickle cell anemia, and some congenital meta-
bolic or immunodeficiency disorders (such as chronic granu-
lomatous disease). Certain types of stem cells may also be
used as transplants for those whose bone marrow was
destroyed by the high doses of chemotherapy or radiation
therapy used to treat some cancers.

Stem cells may be the subject’s own cells (autologous
transplantation) or those of a donor (allogeneic transplanta-
tion). When the subject’s own stem cells are used, they may
be collected before chemotherapy or radiation therapy, “in
vivo collection”, because these treatments may damage stem
cells. They may be injected back into the body after the
treatment, such as increasing or expanding “in vivo expan-
sion” the quality of the cells being expanded.

Current methods for stem cell storage involve collection of
stem cells from embryonic cord blood and the collection of
stem cells from blood donations. The utility of these tech-
niques are limited because of the small proportion of total
number of stem cells in the peripheral blood and because only
a limited amount of blood may be collected from a blood
transfusion. An advantage of using stem cells from an adult is
that the subject’s own cells can be expanded in culture using
the methods described in the present invention and then rein-
troduced into the subject. Thus, there is also an unmet need in
collecting human stem cell population for long term cryo-
genic storage, for example in a stem cell bank, and for the
eventual thawing of the cryopreserved cell population for the
treatment of a disease by autologous transfer. Preservation of
stem cells for cyrostorage is well known in the art. For
example, see Culture of human stem cells (Wiley-Liss, 2007),
and Cryopreservation and freeze-drying protocols (Humana
Press, 2007). These documents are hereby incorporated by
reference.

The expanded stem cell population of the present invention
may be used to treat hematopoietic and circulatory (blood
cells, etc.) diseases, disorders or abnormalities. Examples of
the diseases, disorders or abnormalities include, but are not
limited to, anemia (e.g., aplastic anemia (particularly, severe
aplastic anemia), renal anemia, cancerous anemia, secondary
anemia, refractory anemia, etc.), cancer or tumors (e.g., leu-
kemia); and after chemotherapy therefor, hematopoietic fail-
ure, thrombocytopenia, acute myelocytic leukemia (particu-
larly, a first remission (highrisk group), a second remission
and thereafter), acute lymphocytic leukemia (particularly, a
first remission, a second remission and thereafter), chronic
myelocytic leukemia (particularly, chronic period, transmi-
gration period), malignant lymphoma (particularly, a first

35

40

45

16

remission (high-risk group), a second remission and thereaf-
ter), multiple myeloma (particularly, an early period after the
onset), and the like. The present invention also targets heart
failure, stenocardia, cardiac infarction, arrhythmia, valvular
heart diseases, myocardial/pericardial diseases, congenital
heart diseases (e.g., atrial septal defect, ventricular septal
defect, arterial duct patency, tetralogy of Fallot), arterial dis-
eases (e.g., arterial sclerosis, aneurysm, etc.), venous diseases
(e.g., phlebeurysm, etc.), and lymph vessel diseases (e.g.,
lymphatic edema), sickle cell disease, and treatment of radia-
tion induced injuries, autoimmune diseases, cerebral palsy,
critical limb ischemia, degenerative joint disease, diabetes
type 2, heart failure, multiple sclerosis, osteoarthritis, rheu-
matoid arthritis, and spinal injury.

Methods for stem cell transplantation for treatment of dis-
eases, disorders or abnormalities in humans are well know in
the art. For example, see Manual of Stem Cell and Bone
Marrow Transplantation (Cambridge University Press,
2009), Stem cell transplantation: biology, processing, and
therapy (Wiley-VCH, 2006), and Practical Hematopoietic
Stem Cell Transplantation (Wiley-Blackwell, 2007). These
documents are hereby incorporated by reference.

Stem Cell Engraftment

Bone marrow regeneration after transplant is a function of
proper engraftment of transplanted cells. In preferred
embodiments, engraftment of transplanted cells is long term
engraftment of'the cells. In some embodiments, the invention
encompasses improved engraftment of hematopoietic stem
cells (HSCs) derived from human umbilical cord blood.
Embodiments of the present invention are useful for the treat-
ment of various diseases such as marrow failure disorders,
various genetic diseases, and hematopoietic malignancies.

In cases in which hematopoietic stem cells (HSCs) from a
donor are transplanted into the host, embodiments of the
invention are useful to increase the donor cells’ chimerism
with host cells. As used herein, chimerism is the coexistence
of two genetically distinct types of cells in a single organism.
Once chimerism has been established, the HSCs may prolif-
erate within the host.

As disclosed herein intraperitoneally injected TAT-SALL4
protein dramatically stimulates chimerism and stem cell
long-term engraftment. The SALL polypeptides described
herein may be used to significantly increase survival, expan-
sion and engraftment or chimerism of transplanted cells in the
marrow or a niche in accordance with embodiments of the
invention.

Aspects of the present invention relate to gene therapy,
particularly as applied to hematopoietic stem cells and
hematopoietic progenitor cells, to transduced cells and meth-
ods of obtaining them, and to methods of using them to
provide prolonged engraftment of modified hematopoietic
cells in subjects.

Polypeptides

The present invention emcompasses a polypeptide having
the expansion enhancement activity ofa Sal-like polypeptide.
The term “a polypeptide having the expansion enhancement
activity of a Sal-like polypeptide” refers to polypeptides
exhibiting activity similar, but not necessarily identical to, an
activity of a polypeptide of the invention as measured in a
particular biological assay.

It will be appreciated by those skilled in the art that DNA
sequence polymorphisms that lead to changes in the amino
acid sequences of SALL may exist within a population (e.g.,
the human population). Such genetic polymorphism in the
SALL gene may exist among individuals within a population
due to natural allelic variation. As used herein, the terms
“gene” and “recombinant gene” refer to nucleic acid mol-
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ecules comprising an open reading frame encoding a SALL
polypeptide, preferably a mammalian SALL polypeptide.
Such natural allelic variations can typically result in 1-5%
variance in the nucleotide sequence of the SALL gene. Any
and all such nucleotide variations and resulting amino acid
polymorphisms in SALL that are the result of natural allelic
variation and that do not alter the functional activity of SALL
are intended to be within the scope of the invention. The
present invention encompasses nucleotide variations and
resulting amino acid polymorphisms in SALL polypeptide
which are substantially homologous to the SALL nucleotides
disclosed herein.

To determine the percent homology of two amino acid
sequences, or of two nucleic acids, the sequences are aligned
for optimal comparison purposes (e.g., gaps can be intro-
duced in the sequence of one protein or nucleic acid for
optimal alignment with the other protein or nucleic acid). The
amino acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then compared.
When a position in one sequence is occupied by the same
amino acid residue or nucleotide as the corresponding posi-
tion in the other sequence, then the molecules are homolo-
gous at that position. As used herein, amino acid or nucleic
acid “homology” is equivalent to amino acid or nucleic acid
“identity”. The percent homology between the two sequences
is a function of the number of identical positions shared by the
sequences (i.e., percent homology equals the number of iden-
tical positions/total number of positions times 100).

The present invention discloses experimental results of
overexpressing SALL4a and SALL4b polypeptides in HSCs
and demonstrates that overexpression of both of these
polypeptides enhances the expansion of HSCs ex vivo.
SALL4a and SALL4b areisomers of'the SALL gene, and are
1053 and 616 amino acids long, respectively. However, even
though SALL4b lacks over 400 amino acids present in
SALILA4a, it is nonetheles capable of enhancing the expansion
of HSCs as disclosed herein to the level of SALLA4a. There-
fore, not all amino acids of SALL4a are required for the
expansion enhancement activity of a Sal-like polypeptide.
According to ALIGN Query (GENESTREAM SEARCH
network server IGH Montpellier, France), the overall
sequence identity among SALL4a and SALLA4b is 57.5%.
However, the sequence alignment of SALL4a and SALL4b
polypeptides using the ExPASy (Expert Protein Analysis
System) proteomics server reveals two domains in SALL4a
that may be important for biological activity of these polypep-
tides in HSCs. Putative domain 1 of SALL4a and SALL4b
includes the first 385 N-terminal amino acids of SALL 4a and
SALLA4b, and reveals 98.7% sequence identity among the two
polypeptides. Putative domain 2 includes C-terminal 822-
1053 amino acids of SALL4a and C-terminal 385-616 amino
acids of SALL4b, and reveals 97% sequence identity among
the two polypeptides. Based on this information, it is possible
to readily prepare additional peptides that have enhancement
activity of SALL4a or SALLA4b.

The invention also encompasses polypeptides having a
lower degree of identity to a polypeptide having the expan-
sion enhancement activity of a Sal-like polypeptide but hav-
ing sufficient similarity so as to perform one or more of the
same functions performed by the SALL polypeptides. Simi-
larity is determined by conserved amino acid substitution.
Such substitutions are those that substitute a given amino acid
in a polypeptide by another amino acid of like characteristics.
Conservative substitutions are likely to be phenotypically
silent. Typically seen as conservative substitutions are the
replacements, one for another, among the aliphatic amino
acids Ala, Val, Leu, and Ile; interchange of the hydroxyl
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residues Ser and Thr, exchange of the acidic residues Asp and
Glu, substitution between the amide residues Asn and Gln,
exchange of the basic residues Lys and Arg and replacements
among the aromatic residues Phe, Tyr. Guidance concerning
which amino acid changes are likely to be phenotypically
silent are found in Bowie et al. (1990) Science 247:1306-
1310.

According to ALIGN Query, the overall sequence identity
of'each one of SALL1 transcript variant 1, SALL1 transcript
variant 2, SALL2, and SALL3, with SALL4a is 38.1%,
37.1%, 28.1%, and 38.4%, respectively.

As used herein, a polypeptide (or a region of the polypep-
tide) is substantially homologous to a polypeptide having the
expansion enhancement activity of a Sal-like polypeptide
when the amino acid sequences are at least about 25-30%,
30-35%, 35%-40% 40-45%, 45-50%, 50-55%, 55-60%, typi-
cally at least about 70-75%, more typically at least about
80-85%, and most typically at least about 90-95% or more
homologous. A substantially homologous amino acid
sequence, according to the present invention, will be encoded
by a nucleic acid sequence hybridizing to the nucleic acid
sequence, or portion thereof, of the sequence shown in SEQ
ID NO: 1, 2, 3, 4, 5, and/or 6 under stringent conditions.

The invention further encompasses nucleic acid molecules
that differ from the disclosed nucleotide sequences encoding
the SALL polypeptide due to degeneracy of the genetic code.
These nucleic acids therefore encode the same Sal-like
polypeptide as those encoded by the nucleotide sequence
shown in SEQ ID NO: 1, 2, 3, 4, 5, and/6.

A nucleic acid fragment encoding “a polypeptide having
the expansion enhancement activity of a Sal-like polypep-
tide” can be prepared by isolating a portion of SEQ ID NO: 1,
2, 3, 4, 5, and/or 6, that encodes a polypeptide having a
Sal-like polypeptide biological activity, expressing the
encoded portion of Sal-like polypeptide (e.g., by recombinant
expression ex vivo), and assessing the activity of the encoded
portion of Sal-like polypeptide.

Increasing the Amount of a SALL Polypeptide in a Subject

The amount of a SALL polypeptide may be increased in a
subject by a variety of means, including agents that increase
the expression of the SALL polypeptide, administration of
the SALL polypeptide, and introducing into the subject
nucleotides encoding the SALL peptide.

Agents that may be used increase the expression of a SALL
peptide include but are not limited to peptides, peptide-mi-
metics, oligonucleotides, small molecule compounds, and
RNA interference inducing molecules.

Administration of a SALL polypeptide to a subject may be
nasal, pulmonary, parenteral, i.v., i.p., intra-articular, trans-
dermal, intradermal, s.c., topical, intramuscular, rectal,
intrathecal, intraocular, and buccal all using dosage forms
well known to those of ordinary skill in the pharmaceutical
arts. Preferred routes of administration for SALL polypep-
tides include i.v. and i.p.

A SALL polypeptide can be administered in admixture
with suitable pharmaceutical diluents or carriers (collectively
referred to herein as a pharmaceutically acceptable carrier)
suitably selected with respect to the intended form of admin-
istration and as consistent with conventional pharmaceutical
practices. The unit may be in a form suitable for topical,
intravenous or direct injection or parenteral administration.

General techniques and compositions for making dosage
forms useful in the present invention are described in the
following references: 7 Modern Pharmaceutics, Chapters 9
and 10 (Banker & Rhodes, Editors, 1979); Pharmaceutical
Dosage Forms: Tablets (Lieberman et al., 1981); Ansel, Intro-
duction to Pharmaceutical Dosage Forms 2nd Edition (1976);
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Remington’s Pharmaceutical Sciences, 17th ed. (Mack Pub-
lishing Company, Easton, Pa., 1985); Advances in Pharma-
ceutical Sciences (David Ganderton, Trevor Jones, Eds.,
1992); Advances in Pharmaceutical Sciences Vol 7. (David
Ganderton, Trevor Jones, James McGinity, Eds., 1995);
Aqueous Polymeric Coatings for Pharmaceutical Dosage
Forms (Drugs and the Pharmaceutical Sciences, Series 36
(James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic Applications: Drugs and the Pharma-
ceutical Sciences, Vol 61 (Alain Rolland, Ed., 1993); Drug
Delivery to the Gastrointestinal Tract (Ellis Horwood Books
in the Biological Sciences. Series in Pharmaceutical Technol-
ogy; J. G. Hardy, S. S. Davis, Clive G. Wilson, Eds.); Modern
Pharmaceutics Drugs and the Pharmaceutical Sciences, Vol.
40 (Gilbert S. Banker, Christopher T. Rhodes, Eds.). These
references in their entireties are hereby incorporated by ref-
erence into this application.

The present invention also provides for increasing the
amount of a SALL polypeptide in a subject by introducing
into the subject nucleotides encoding the SALL polypeptide.
In some embodiments, the nucleotides encoding the SALL
polypeptide comprise nucleotides in the sequence as set forth
as SEQIDNo: 1, 2,3, 4, 5 or 6. The nucleotides encoding the
SALL polypeptide may be operably linked to an expression
regulatory sequence such as a promoter, and may be intro-
duced into the subject through the use of a suitable vector as
described hereinbelow.

Vectors

Different types of vectors can be used for transduction or
transformation of stem cells. These include plasmid or viral
vectors. Retroviral vectors have been used widely so far in
gene therapy, particularly those based on Moloney murine
leukemia virus (MoMLV). Vectors based on murine retrovi-
ruses can be used for high efficiency transduction of cells,
however, they require that the cells be active in cell division.
Transduction of HP cells with murine retroviral based vectors
therefore requires activation of the cells.

Lentiviral vectors, a subclass of the retroviral vectors, can
also be used for high-efficiency transduction (Haas et al 2000,
Miyoshi et al 1999, Case et al 1999) and are able to transduce
non-dividing cells, not needing the induction of HP cells into
cell cycle. This would avoid the loss of pluripotency that
cell-cycle induction might cause in some of the cells. Other
groups of retroviruses such as spumaviruses, for example the
foamy viruses (Vassilopoulos et al 2001) are also capable of
efficiently transducing non-dividing cells.

Other types of viral vectors that can be used in the invention
include adenoviral vectors (Fan et al 2000, Knaan-Shanzer et
al 2001, Marini et al 2000), adeno-associated viral (AAV)
vectors (Fisher-Adams et al 1996), SV40 based vectors
(Strayer et al 2000), or forms of hybrid vectors (for example
Feng et al, 1997). Adenoviral vectors can be readily produced
at high titers and can transduce non-dividing cells.

AAV vectors are non-pathogenic, transduce both prolifer-
ating and non-proliferating cells including CD34+ cells, and
integrate stably into the cellular genome (Grimm and Klein-
schmidt 1999). Moreover, they do not induce a host immune
response and can be produced in helper-free systems. AAV
vectors can effectively transduce CD34+ cells in long-term
cultures (Chaterjee et al 1999).

Integrating vectors, such as retrovirus or lentivirus, are
often used for gene therapy, however, random integration of
these vectors, together with the oncogenic nature of some of
the inducing genes, pose a risk of cancer formation. For this
reason, non-integrating methods, such as adenovirus, bacu-
lovirus, or transient transfection of plasmids capable of epi-
somal expression, are preferred. Vectors which result in non-
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integration of the introduced gene into the cell genome are
preferred. Viral vectors which allow transient expression of
the introduced gene are also preferred. Vector which have a
short life-cycle in the host cell are also preferred.

Naturally-occurring constitutive promoters control the
expression of essential cell functions. As a result, a gene
under the control of a constitutive promoter is expressed
under all conditions of cell growth. Exemplary constitutive
promoters include the promoters for the following genes
which encode certain constitutive or “housekeeping” func-
tions: hypoxanthine phosphoribosyl transferase (UPRT),
dihydrofolate reductase (DHFR) (Scharf mann et al., 1991,
Proc. Natl. Acad. Sci. USA, 88:4626-4630), adenosine
deaminase, phospho glycerol kinase (PGK), pyruvate kinase,
phospho glycerol mutase, the actin promoter (Lai et al., 1989,
Proc. Natl. Acad. Sci. USA, 86:10006-10010), and other con-
stitutive promoters known to those of skill in the art. In
addition, many viral promoters function constitutively in
stem cells. These include: the early and late promoters of
SV40; the long terminal repeats (LTRS) of Moloney Leuke-
mia Virus and other retroviruses; and the thymidine kinase
promoter of Herpes Simplex Virus, among many others.
Accordingly, any of the above-referenced constitutive pro-
moters can be used to control transcription of a heterologous
gene insert.

Genes that are under the control of inducible promoters are
expressed only or to a greater degree, in the presence of an
inducing agent, (e.g., transcription under control of the met-
allothionein promoter is greatly increased in presence of cer-
tain metal ions). Inducible promoters include responsive ele-
ments (REs) which stimulate transcription when their
inducing factors are bound. For example, there are REs for
serum factors, steroid hormones, retinoic acid and cyclic
AMP. Promoters containing a particular RE can be chosen in
order to obtain an inducible response and in some cases, the
RE itself may be attached to a different promoter, thereby
conferring inducibility to the recombinant gene. Thus, by
selecting the appropriate promoter (constitutive versus induc-
ible; strong versus weak), it is possible to control both the
existence and level of expression of'an agent in the genetically
modified cell. Selection and optimization of these factors for
expression of a gene insert is deemed to be within the scope of
one of ordinary skill in the art without undue experimenta-
tion, taking into account the above-disclosed factors.

Method of producing and using viral vectors for gene
therapy are well known in the art. For example, see Gene
transfer: delivery and expression of DNA and RNA: a labo-
ratory manual (CSHL Press, 2007), Viral vectors for gene
therapy: methods and protocols (Humana Press, 2003), Gene
Therapy Protocols: Volume 2: Design and Characterization of
Gene Transfer Vectors (Humana Press, 2008), and Gene and
cell therapy: therapeutic mechanisms and strategies (CRC
Press, 2008). These documents are hereby incorporated by
reference.

Protein Transduction

Protein transduction may be used as an alternative to viral
vectors for the delivery of proteins into stem cells. Protein
tranduction is the internalisation of proteins into the cell, from
the external environment. This process relies on the inherent
property of a small number of proteins and peptides of being
able to penetrate the cell membrane. The transducing prop-
erty of these molecules can be conferred upon proteins which
are expressed as fusions with them. Examples of peptides that
can beused for protein transduction of the polypeptides on the
subject invention include the following:

Antennapedia Peptide: The antennapedia motif is derived
from a family of Drosophila homeoproteins, a class of trans-
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activating factors involved in the developmental process.
These proteins recognise and bind DNA through a 60 amino
acid carboxy-terminal region arranged in three-helical
sequences, called the homeodomain. The homeodomain of
antennapedia (AntpHD) is capable of translocating across
neuronal membranes and is conveyed to the nucleus.

Herpes Simplex Virus VP22 Protein: The herpes simplex
virus type 1 (HSV-1) VP22 protein is a structural polypeptide
forming the major component of the virus tegument situated
between the envelope and capsid regions of the mature virion.
It is a small basic protein, approximately 38 kDa in size,
encoded by the UL49 gene.

HIV TAT Protein Transduction Domain: The HIV-1 trans-
activator gene product, TAT, has been shown to be a regulator
of transcription in latent HIV and is essential for HIV repli-
cation. It is an 86 amino acid protein made from two exons of
72 and 14 amino acids, respectively.

Chariot Protein: Chariot is a 2843 dalton peptide and forms
a non-covalent complex with the protein of interest (Active
Motif, inc.).

Other examples of peptides that can be used for protein
transduction include arginine-rich peptides (15), and +36
GFP (16).

Method of preparing peptides for protein transduction are
well known in the art. For example, see Cell-penetrating
peptides: Handbook of (CRC Press, 2006), Cell-penetrating
peptides: processes and applications (CRC Press, 2002), Pro-
tein transduction: delivery of recombinant Tat-PTD fusion
proteins into target cells (University of Tromse, Institute of
Medical Biology, 2000), and Protein analysis and purifica-
tion: benchtop techniques (Springer, 2005). These documents
are hereby incorporated by reference.

This invention will be better understood by reference to the
Experimental Details which follow, but those skilled in the art
will readily appreciate that the specific experiments detailed
are only illustrative of the invention as described more fully in
the claims which follow thereafter.

Methods

Isolation and SALL4-lentiviral Infection of Human cd34+
Cells

Normal human bone marrow CDd34+ cells were pur-
chased (AllCells, Emeryville, Calif., USA) and single cell
suspensions were generated in StemSpan SFEM (Stemcell
Technologies, Vancouver, BC, Canada) for 24 hours. Next,
10° cells/well were plated in a 12-well plate. The cells were
cultured in StemSpan SFEM containing 10% FBS and 1%
pen/strep (Gibco, Carlsbad, Calif., USA). Additionally, the
media was supplemented with 100 ng/ml FLT-3, 100 ng/ml
TPO and 100 ng/ml SCF (ProSpec, Rehovet, Israel). SALL4
lentivirus particles at an MOI between 10-20 were added to
the bone marrow cells at 37° C. For controls, GFP-only len-
tivirus particles were added to the bone marrow cells at simi-
lar MOlIs. The cells were infected for 2.5 hours and recovered
in culture medium for 24 hours. The next day the cells were
once again infected for 2.5 hours, rinsed, and plated for
experimental expansion.

Expansion of SALI4-transduced Human CD34+ Cells

The SALL4-transduced CD34+ cells were expanded in
12-well plates under normal culture conditions (StemSpan
SFEM containing 10% FBS and 1% pen/strep supplemented
with 100 ng/ml FL.T-3, 100 ng/m1 TPO and 100 ng/ml SCF).
In addition, cells were cultured in more stringent conditions
in which recombinant cytokine concentrations were
decreased to see if the SALL4-transduced cells were still
capable of surviving and expanding. In one experiment, cells
were cultured in media containing 50% less cytokines (50
ng/ml FLT-3, 50 ng/ml TPO and 50 ng/ml SCF). In an addi-
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tional trial, cells were cultured in media containing 75% less
growth factors (25 ng/ml FLT-3, 25 ng/m]1 TPO and 25 ng/ml
SCF). Cells were monitored for two months and observed
with brightfield and fluorescent microscopy.
Expansion of SALIL 4-transduced Isolated CD34+ Cells from
Patient Samples Peripheral blood stem cells were obtained
from the Blood Marrow Stem Cell Laboratory at Stony
Brook, N.Y., USA. CD34+ cells were isolated from the stem
cell pool using the CD34 human Microbead kit and Mini-
MACS separation columns (Miltenyi Biotec Inc., Auburn,
Calif., USA). After the CD34+ cells were isolated, the cells
were transfected with lentivirus and cultured in the same
manner as mentioned earlier.
CFU Assay of Bone Marrow Cells

Tubes of MethoCult® (StemCell Technologies, Vancou-
ver, BC, Canada) medium were thawed overnight in a 4°
refrigerator. The next morning tubes were vortexed to ensure
all components were thoroughly mixed. SALL4-transduced
or GFP-transduced CD34+ cells were then prepared at 10x
the final concentration required. Cell suspensions of 1x10°
cells per mL were prepared and duplicated the concentrations
with different concentrations (2-4 folds). 0.3 mL of cells were
added to 3 mL of MethoCult® medium (STEMCELL Tech-
nologies Inc, Vancouver, BC, Canada) for duplicate cultures.
Tubes were once again vortexed to ensure all cells and com-
ponents were thoroughly mixed and allowed to stand for 5
minutes for bubbles to dissipate. A 16 gauge blunt-end needle
attached to a 3 cc syringe was used to dispense the cells and
MethoCult® medium into culture dishes. 1.1 mL of cells
were dispensed per 35 mm dish. The methylcellulose medium
and cells were distributed evenly by gently tilting and rotating
each dish. The two dishes were placed into a 100 mm petri
dish and a third, uncovered 35 mm dish containing 3 mL of
sterile water was also added. All 3 dishes were then covered
within the 100 mm petri dish. The cells were incubated for
14-16 days at 37° C. with 5% CO, and 95% humidity. The
BFU-E, CFU-GM and CFU-GEMM colonies were observed
with brightfield and fluorescent microscopy. In addition,
CFUs were counted under the microscope 10-18 days after
the cells were plated in MethoCult® medium. A colony with
more than 100 cells was counted as a positive colony.
Flow Cytometry and Phenotyping of Cells

FLOW was conducted with Phycoerythrin (PE)-conju-
gated antibody to CD34, allophycocyanin (APC)-conjugated
antibody to CD38, and PerCP-Cy5.5-conjugated antibody to
CD45 were used for cell sorting (BD Biosciences, Franklin
Lakes, N.J., USA). The presence of human cells in NOD-
SCID mouse bone marrow was determined using CD45-PE
antibody. Myeloid cells were tracked by CD15-APC or
CD33-APC antibody and lymphoid cells were tracked by
CD19-PE or CD3-PE antibody.
Cell Counting and Growth Curve Experiments

SALL4A-transduced, SALL4B-transduced, and control
cells were counted every 24 hours for seven days using a
hemocytometer. Before counting, cells were gently aspirated
with a 200 ml pipet tip in order to dissociate cell clusters into
individual cells.
Long-Term Culture Assays

LTC-IC assays using human CD34+ cells were conducted
under bulk or limiting dilution conditions in MethoCult®
media. In order to calculate the total LTC-IC number, the
frequency of LTC-ICs was determined from secondary cul-
tures. This calculated number was then multiplied by the total
number of cells present after 4-week primary long-term cul-
tures.
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NOD/SCID Mice Repopulating Cells (SRCs) Assays

4x10%, 8x10°, 2x10* or 4x10* 2-day old GFP-only or
14-day old cultured SALL4A or SALL4B expressing human
CD34+ bone marrow cells along with 2x10° CD34- acces-
sory cells were injected into irradiated (2,5 Gy) NOD-LtSz-
scid/scid (NOD-SCID) mice on day 0. Seven weeks after
transplantation, peripheral blood samples were analyzed by
flow cytometry for the presence of CD45+ cells. Mice were
scored as positive for human engraftment when at least 0.5%
CD45+ human cells were detected among mouse peripheral
blood cells. Stem cell initiating cell frequency was deter-
mined by the reciprocal of the concentration of test cells that
gave 37% negative mice. Animal experiments were per-
formed according to the investigator’s protocols approved by
the Stony Brook University Institutional Animal Care and
Use Committee (IACUC).
Serially Transplanted Studies

Mice BM cells were harvested from the tibiae and femurs
of highly engrafted primary recipient mice 16 weeks post-
transplantation. After removal of red blood cells by lysis
buffer, half of the BM cells from each recipient mouse was
transplanted into one secondary sub-lethally irradiated (2.5
Gy) NOD/SCID mouse. Five weeks after transplantation, the
percentage of human CD45+ cells in peripheral blood of the
secondary recipient mouse was analyzed by flow cytometry
as described. Tertiary transplants were conducted in the same
manner and flow cytometry was conducted on bone marrow
cells to analyze CD45+, CD33+, CD19+, and CD3+ cells
10-weeks post transplantation.
Expression and Purification of His-TAT-SALL4A/B

For expression of TAT-SALL4 in E. coli, the human
SALLA4B gene was doubly digested with the restriction endo-
nucleases Sall and Notl, and ligated into a pTAT-pET28b
vector, a 6xHis-taq protein expression vector bearing the T7
promoter, kanamycin resistance and pTAT Peptide/Protein
Transducing Domain (PTD). The plasmids with the correct
gene sequences were then transformed into E. coli strain
BL21 (DE3). The 6xHis-fused human SALL4B was
expressed with 0.1 mM IPTG induction for 3 h and then
purified by using a Ni-NTA affinity column (Qiagen, Valen-
cia, Calif,, USA). The purity of the purified His-TAT-
SALLA4B was further determined based on SDS-PAGE and
LC-MS/MS.
SDS-PAGE and Western Blot

Proteins were loaded on 12.5% one-dimensional SDS-
PAGE for protein separation, followed by staining with Coo-
massie brilliant blue R-250 and destained in 10% methanol/
7% acetic acid. For Western blot analysis, the SDS-PAGE was
transferred to poly-(vinylidene difiuoride) (PVDF) mem-
branes (Millipore, Billerica, Mass., USA). After transfer, the
membranes were saturated with 5% w/v nonfat dry milk in
TBS/0.1% Tween 20 at 4° C. overnight, followed by incuba-
tion with the primary antibodies overnight at 4° C. Primary
antibodies against human SALL4 and 6xHis-tag were pur-
chased from Abcam (Cambridge, UK). After three washes
with TBS/0.1% Tween 20, the membranes were incubated
with a solution of peroxidase-conjugated secondary antibod-
ies (Abcam, Cambridge, UK). After 1-h incubation at room
temperature, the membranes were washed three times with
TBS/0.1% Tween 20 and the membrane blots were developed
by using ECL substrates (Millipore).
In-Gel Digestion and LC-MS/MS

Gel bands were cut and digested in-gel with trypsin. Pep-
tides were resuspended in 50 pl 0.1% formic acid/2% aceto-
nitrile. 10 pl of the peptide was injected into Orbitrap at the
Stony Brook University Proteomics Center for 1D LC/MS/
MS analysis.
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Growth and Maintenance of Insect Cells

S19 insect cells were grown in Sf900-1I SFM (Gibco)
media supplemented with 10% FBS (Gibco) and 1% antibi-
otic/antimycotic (Cellgro). Media was filtered through
ExpressPLLUS 0.22 uM filtration unit (Millipore) before use.
Cells were maintained at counts between 0.5 and 5.0x10°
cells per mL, at 27° C. in either spinner flasks (Wheaton) or
tissue culture shaker flasks (Fisher, Pittsburgh, Pa., USA).
Infection of Sf9 Cells with Baculovirus Containing His-TAT
SALLA4B Construct

Cells reaching a count of 2.5x10° cells per mL were
infected with baculovirus containing the His-TAT SALL4B
c¢DNA, which had been freshly amplified in Sf9 cells. Final
volume was 100 mL in a Wheaton 250 ml. spinner flask.
Infected cells continued to incubate at 27° C. for 4 days before
harvesting.

Lysis of Sf9 Cells, and his-TAT hSALIL 4B Purification

Cells were centrifuged at 500xg for 10 minutes. The super-
natant was saved as virus stock. The cell pellet was resus-
pended in 20 mL lysis buffer containing 50 mM NaH2PO4
(pH 8.0), 0.3 M NaCll, protease inhibitor cocktail, PMSF, and
1% NP40 (IGEPAL). Following a 30 minute incubation on
ice, the lysate was cleared by centrifugation at 10,000 g for 15
minutes at 4°.

Cleared lysate was added to Ni-NTA beads (Qiagen)
washed 4 times with lysis buffer. 200 ul. of beads were added
for every 4 mL of lysate. To limit nonspecific binding, 10 mM
imidazole was added. The solution was incubated on a rotator
at 4o for up to 2 hours, then loaded onto a gravity flow
column, and the flowthrough was collected. The beads were
washed first with 10 mL lysis buffer with 20 mM imidazole,
then with 10 mL lysis buffer with 80 mM imidazole. Elution
was performed with lysis buffer and 250 mM imidazole,
collected in 1.5 mL fractions, up to 10 mL. All lysates and
fractions were analyzed by 8% PAGE-SDS and immunoblot-
ting using a 1:2000 dilution of anti-SALL4 (Abnova). His-
TAT SALLA4B typically eluted in fractions 2 and 3. These
were pooled and dialyzed overnight against PBS—in Slide-
A-Lyzer cassettes (Pierce, Rockford, Ill., USA), and protein
concentration was determined (BioRad, Hercules, Calif.,
USA).

Statistical Analysis

Results are reported as meansts.d. Values with p<0.05

were considered to be statistically significant.

EXPERIMENTAL DETAILS
Example 1

Ex Vivo Expansion of SALL4-overexpressing Human HSC

To gain insight into the magnitude of SALL4-induced HSC
expansion, the effects of SALL4 overexpression in human
bone marrow CD34 positive cells following lentiviral trans-
duction was investigated. The SALL4A and SALL4B ¢cDNAs
were incorporated into a vector carrying the GFP reporter
gene that facilitated isolation and tracking of transduced cells.
SALLA4A and B are two splicing isoforms generated through
internal splicing (FIG. 1).

Normal human CD34+ cells were cultured for 2 days with
growth media containing h-FLT-3, h-SCF, and h-TPO. After
48 hours, the cells were divided into six groups of 3x10* cells
and placed into separate wells of a 12-well plate. The cells
were then transduced with either a SALL4A, SALL4B, or
GFP (control) human lentivirus for 2.5 hours. After two
hours, the cells were allowed to recover in growth media. 24
hrs later, the cells were once again transduced with the afore-
mentioned lentiviruses for 2.5 hours. The next day, the cells
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were observed for GFP positive cells. It was noted that
approximately 40% of the cells were fluorescent (FIG. 2).

The cells were observed daily for the next 14 days follow-
ing the second lentiviral infection. They were observed quali-
tatively with bright field and fluorescent microscopy. During
the first 48 hours, the cells transduced with either SALL4A or
SALLA4B expanded 10-fold and regularly formed GFP-posi-
tive cell clusters. In contrast, those cells transduced solely
with GFP expanded approximately 2-fold but did not form
many clusters. Instead, single cell or few small GFP-positive
clusters were seen. After 7 days, the expansion cells appeared
to be observed solely in the SALL4-transduced cells (FIG.
3A). After 8 to 11 days in complete growth media, those cells
transduced with SALL4A or SALL4B expanded 200-400
fold (FIGS. 4 and 5). On the other hand, cells transduced only
with GFP expanded 5-fold at most (FIGS. 4 and 5). Further-
more, the SALL4 transduced cells continued to survive and
expand 16-days post lentiviral infection. These cells were
able to expand 800-1000 fold without significant maturation
over the first 2 to 3 weeks of culture while the majority of
control cells had undergone death or differentiation (FIG. 6).
Therefore, the expansion of cells was observed solely in the
SALLA4-transduced cells. The expansion experiments were
repeated three times. In all trials, the SALL4A or SALL4B
transduced human CD34+ cells were able to grow in the
liquid culture medium, retain their undifferentiated appear-
ance, and continue to grow for more than 2 months. Similar
experiments were carried out utilizing CD34+ cells isolated
from peripheral blood stem cells from patient samples. Our
initial findings demonstrate that successful survival and
expansion of these cells is also possible.

Similar experiments were carried out utilizing CD34+ cells
isolated from mobilized peripheral blood stem cells which
were collected from patients and cryopreserved. Three
samples from different patients showed promising results in
CD34+ cell expansion (FIG. 3B). Cells transduced with
SALL4A or SALL4B expanded approximately 130-fold
while control cells expanded 12-fold at most (FIG. 7A). Fur-
thermore, when these SALIL4-transduced cells were grown
for 14 days, the CD34+/CD38-population increased 369 fold
for SALL4A and 384 fold for SALL4B (FIG. 7B) and main-
tained stem cell immunophenotypes (n=4)(FIG. 8). At 31
days of cell culture, the SALL4-transduced expanding cells
still retained progenitor or stem cell immunophenotypes
(n=2) (FIG. 7C) and primitive cell morphology (FI1G. 7D). At
the end of expansion, approximately 90% of the cells were
expressing GFP. In contrast, control cells ceased to proliferate
or were no longer viable after two weeks post-infection.
SALL4 induced cells continued to expand with CD34+/
CD38- or CD34+/CD38+ ratios similar to that of the original
cells the culture began with (FIG. 7).

The expansion experiments were repeated at least 12 times
using a variety of sources for the CD34+ cells (Table 1). In all
trials, the SALL4A or SALL4B transduced human CD34
cells were able to expand in the liquid culture medium for
more than 2 months and demonstrated similar percentages of
cell populations (15% CD34+/CD38-, 17% CD34+/CD38+)
to 31-day old cells, as demonstrated by flow cytometry.

TABLE 1

Sources of CD34+ Cells

Source of CD34+ cells Source

AllCells 27 yrs; female; Filipino/

Caucasian

40

60

26
TABLE 1-continued

Sources of CD34+ Cells

Source of CD34+ cells Source

AllCells 27 yrs; female; Filipino/
Caucasian
AllCells 32 yrs; male; Caucasian
AllCells 32 yrs; trials; Caucasian
AllCells 32 yrs; male; Caucasian
SBUMC Bone Marrow Transplant Lab Confidential
SBUMC Bone Marrow Transplant Lab Confidential
SBUMC Bone Marrow Transplant Lab Confidential

AllCells 22 yrs; male; Caucasian

AllCells 22 yrs; male; Caucasian

AllCells 22 yrs; male; Caucasian

AllCells 22 yrs; male; Caucasian
Example 2

Single SALL4-induced CD34+ Cell Clusters Readily Expand

in Culture

From days 5-14 large GFP-positive cell clusters could
readily be observed throughout the cell cultures transduced
with SALL4A or SALL4B. In order to see if these clusters
could serve as a seed for further expansion, single cell clusters
were picked from the parental plate and placed into individual
wells of a 48-well plate. The cluster was gently dissociated by
aspiration through a 100 pl pipet tip. The next day (day 6-15)
new small GFP positive cell clusters began to form again
(FIG. 9). These clusters were allowed to expand for 5 days
with complete growth media and began to grow at a similar
rate as seen in the initial parental plates (FIG. 9). Therefore, it
is possible to select SALL4-transduced cell clusters and
expand them 200-400 fold over 7 days.

To further illustrate the survival and expansion capabilities
of the aged SALL4-transduced HSC colonies, 18-day old
cells were placed in a cytospin and Giemsa stained to observe
their morphology. Interestingly, more than 90% of the cells
exhibited blast-like morphology with large nuclei and scant
cytoplasm (FIG. 10). These cells resembled undifferentiated
cells. In addition, aged SALL4-transduced HSCs were cul-
tured in Methocult and scored for CFUs. The SALL4-trans-
duced GFP positive HSCs were able to differentiate into
variable CFU colonies including BFU-E, CFU-GM, and
CFU-GEMM (FIGS. 11 and 12). Therefore, the HSC SALL4
induced cells still had the ability to form a variety of blood
lineages similar to wild type CD34 cells.

Example 3

Ex Vivo SALL4 Induced Expansion of Human Hematopoi-
etic Stem Cells Under Stringent Conditions

In order to demonstrate that SALL4 induced HSCs were
capable of expanding at a faster rate and higher volume com-
pared to controls, cell culture experiments were conducted in
which recombinant cytokine concentrations were decreased
significantly. If the SALL4 transduced HSCs were able to
successfully grow at these more stringent conditions, we
could solidify our findings that SALL4 is pertinent for the
maintenance of an undifferentiated proliferation state and
blocking cell differentiation of HSCs.

Cell culture experiments were conducted in which recom-
binant growth factor concentrations were decreased by 50 or
25% for both SALL4 induced HSCs and control cells. Cell
growth was monitored during the first week. Interestingly,
cells transduced with SALL4A or SALL4B were still able to
survive and expand beyond 6 days of culture (FIGS. 13 and
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14). In contrast, control cells had undergone cell death by day
6 and no viable colonies could be observed. In addition, under
these conditions, SALL4 transduced human CD34+ cells
were able to maintain their undifferentiated appearance and
continue to grow for more than 2 months in the liquid
medium.

This provides the first evidence that under stringent growth
conditions, in which the concentrations of necessary recom-
binant cytokines is reduced, SALL4 induced HSC:s still have
the survival and expansion capacity of those that are cultured
at 100% concentrations. This proves SALL 4 plays a key role
for maintaining HSCs in an undifferentiated proliferation
state.

This is the first data to illustrate that transduction of bone
marrow CD34+ cells with SALL4 offer a means to success-
fully expand HSC cells. HSCs without SALL4 overexpres-
sion decreased in number due to differentiation or death lead-
ing to a net HSC decline. In contrast, HSCs in which SALL4
was overexpressed, many clones are able to survive and
expand in the culture. A net HSC expansion was exhibited
with numerous expanding clusters throughout the culture
(FIG. 15). This data increases our knowledge on how HSC
self-renew and expand. Furthermore, this knowledge could
be transferred for protocols to expand clinically useful num-
bers of HSC for bone marrow transplantation and targeted
gene therapy for hematologic disorders.

In other experiments, SALL4-transduced cells were grown
in culture with various combinations of the growth factors
SCF, TPO, and FLT-3L. After 14 days of culture, it was noted
that the growth and survival of SALL4-transduced cells were
independent of FLT-3L, partially dependent on TPO, and
dependent on SCF (Table 2).

TABLE 2

Dependence of SALLA-Transduced
Cells on Certain Growth Factors

Cytokine SALL4A SALL4B

FLT-3 Independent Independent

TPO Partially Dependent Partially Dependent

SCF Dependent Dependent
Example 4

Morphology and Phenotyping of Aged SALL4-Induced
HSCs

In order to demonstrate that the SALL4-induced HSCs had
progenitor characteristics after being aged for several weeks,
cytpospins and giemsa staining of the cells was conducted at
different time points. Interestingly, both 16 and 31 days after
lentiviral infection the cells morphology highly resembled
progenitor cells with large nuclei and scant cytoplasm (FIG.
10). In addition, FLOW analysis was conducted and showed
the ratios of CD344/CD38- cells were similar in controls
versus aged SALL4-induced cells at two distinct time points
(FIG. 16). This was a key finding because the cells still dem-
onstrated an undifferentiated progenitor state at a high per-
centage even after being cultured for several weeks.

Previous studies have illustrated that SALL4 plays an
important role in both cell survival and apoptosis. In addition,
SALLA4 has the ability to bind to the promoter regions of
numerous genes that play a key role in HSC expansion and
renewal including BMI1, WNT1, and TGFB1 (FIG. 17).

Example 5

Overexpression of SALL4 Inhibits Granulocytic Differentia-
tion in the 32D Cell Line

To further determine how SALIL4 effects stem cell growth,
studies were extended to the myeloid progenitor cell line,
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32D where it is normally expressed. 32D cells proliferate as
undifferentiated blasts when maintained in IL-3, but differ-
entiate into mature neutrophilic granulocytes when stimu-
lated with G-CSF.

32D cells were cultured for 3 days with growth media
containing IL.-3. On the third day, the cells were divided into
six groups of 5x10” cells and placed into separate wells of a
12-well plate. The cells were then transduced with either a
SALL4A, SALL4B, or GFP (control) human lentivirus for 2
hours. After two hours, the cells were allowed to recover in
growth media. 24 hrs later, the cells were once again trans-
duced with the aforementioned lentiviruses. The next day, the
cells were observed for GFP positive cells. It was noted that
approximately 30% of the cells were fluorescent. The cells
were allowed to expand for 48 hours in full growth media
supplemented with IL-3. After the 48 hours, the cells were
collected, washed, and re-plated to new wells containing
growth media without IL-3, but supplemented with G-CSF.

The cells were observed daily for the next seven days
qualitatively with bright field and fluorescent microscopy and
also counted with ahemacytometer. Throughout days 1-7, the
cells transduced with SALL4A or SALL4B continued to
expand at a steady rate even though I[.-3 was removed from
the growth media. The 32D-SALL4A or 32D-SALL4B pro-
liferated at a 3-fold or 6-fold higher rate than the control
counterpart after 3 days of culture in G-CSF (FIG. 18). The
control, 32D cells died after 5-6 days in G-CSF but 32D-
SALL4A and 32DSALL4B cells grew indefinitely in culture
when IL-3 was removed, and replaced with G-CSF. Further-
more, these cells behaved identically to unmodified 32D cells
(FIGS. 18 and 19). Expression of SALL4A or SALL4B per-
mitted continued growth of cells in an undifferentiated state.
While the control 32D cells exhibited appropriate granulo-
cyte maturation, 32D-SALLA or 32D-SALLA4B cells did not
show significant granulocytic maturation with their morphol-
ogy very similar to the 32D-SALIL4 parent population. 32D
cells proliferate as undifferentiated blasts when maintained in
1IL-3 (FIG. 20 iv), but differentiate into mature neutrophilic
granulocytes when stimulated with G-CSF (FIG. 20 vi).
SALLA4 transduced 32D cells grew indefinitely without I1.-3,
and retained undifferentiated blast morphology when given
G-CSF (FIG. 20 v). This study indicates that hematopoietic
stem cell differentiation can be blocked by constitutive
expression of SALL4.

Example 6

Interactions of SALL4A and SALLA4B In vitro

To determine if the SALL4A or SALL4B protein forms
homodimers or heterodimers in vitro, SALL4A or SALL4B
were tagged with either HA or His (six histitine residues) and
anti-HA pull-down assays was performed. As shown in FIGS.
21A and B, HA-SALL4A and His-SALL4B or HA-SALL4B
and His-SALL4A proteins were expressed. Anti-HA pull
down assays were performed. As seen in FIG. 21C, either
His-SALL4A or His-SALL4B was pulled down by either
HA-SALLA4A or HA-SALL4B.

Example 7

Functional Analysis of SALL4 Induced CD34+ Cells In vitro

To further study the proliferation potential of the SALL4-
transduced HSCs without an excess of special cytokines,
colony-forming unit (CFU) assays were conducted. The CFU
progenitors used for the study were initially GFP-positive
signifying the expression of SALL4 protein (FIG. 11) and
were cultured for at least one month in media containing the
cytokines SCF, TPO, and FLT-3L. The CFU assays, con-
ducted in methocult media without these cytokines, revealed
that these cells could form various colonies including CFU-
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GM, CFU-GEMM,, and BFU-E (FIG. 22A). In addition, the
one month-old transduced cells had the capability to form
similar numbers of CFU colonies compared to 2-day old
GFP-transduced control cells when counted 18 days after the
CFU assay was initialized (FIGS. 22B and 22C). Without
wishing to be bound by any scientific theory, this study may
indicate that SALL4 works in conjunction with other cytok-
ines in order to block HSC differentiation and that other
cytokines may by needed to inhibit differentiation.

To further test whether the transfer of SALL4 can lead to
the long term expansion of human hematopoietic progenitors,
SALLA4A- and SALL4B-transduced cells were cultured for
one month. After 31 days of culture there was a 1780-fold
increase for SALL4A and 1463-fold increase for SALL4B in
total CD34+ cells numbers compared to controls (FIG. 23A)
(control cells ceased to expand after 10 to 12 days). Further-
more, SALL4 transduced cells showed 9.32 fold increases for
SALLA4A and 8.88 fold increases for SALL4B versus controls
for the total number of LTC-ICs after one month (FIG. 23B).
Overall, SALL4A transduced cells had a total fold CD34+/
CD38- stem cell expansion of 16700 over control while
SALLA4B transduced cells showed 13300 fold increases
although there was not a statistically significant difference
between the two SALL4 isoforms (FIG. 23C).

Example 8

Expansion was Associated with Enhanced Stem Cell
Repopulation Capacity In vivo

Xenotransplantation assays were transformed to test if
SALL4 mediated cells are able to override the regulatory
machinery in the marrow-niche to control their differentia-
tion, repopulation capacity, and stem cell output. Phenotypic
analysis revealed that both SALL4A- (n=9) and SALL4B-
transduced (n=10) cells were capable of positive cell engraft-
ment into NOD/SCID mice (FIG. 23D) 4 weeks post-injec-
tion. In addition, experimental animals (n=8) demonstrated
myeloid (CD15+) and lymphoid (CD19+) lineages 4 weeks
post-injection (FIG. 23E) indicative of a myeloid/lymphoid
differentiation process. Bone marrow from animals (n=4) 15
weeks post-injection were analyzed using flow cytometry and
still exhibited three lineage differentiation, including CD3+/
CD19+ lymphoid, CD15+ myeloid, and Glycophorin-4A+
erythroid lineages (FIG. 24).

To further determine if SAL.L.4-induced cells bear a long-
term engraftable property, secondary and tertiary transplan-
tations were conducted with bone marrow harvested from
primary animals injected with human CD34+ cells. Flow
analysis demonstrated that 8 weeks post-injection, animal
marrows still had CD45+ cells (2.74%) but did not attain
significant CD34+ cells (<0.24%) showing no leukemic
effect.

In addition, the CD45+ population were positive for CD3+
(2.97%)/CD19+ (0.89%) lymphoid, CDI15+ (14.1%)
myeloid, and Glycophorin-4 A+(5.6%) lineages. This showed
that successful bone marrow transplantation from one animal
to another was possible and that cells could differentiate
properly in the bone marrow niche. In addition, tertiary trans-
plantations were conducted with bone marrow harvested
from secondary transplant animals. 10 weeks post transplant,
the animals still exhibited CD45+ (3.29%) cells within their
bone marrow (FIGS. 23F and 23G). Further analysis of the
CD45+ population demonstrated the cells were positive for
myeloid and lymphoid lineages similar to that of the second
transplant (FIGS. 23F and 23G).

After 4 weeks of culture, the ability of SALL4A or
SALLA4B to increase the repopulating capacity of human cells
into NOD/SCID was demonstrated by a strong enhancement
in the level of chimerism in mice transplanted with SALL4A
or SALL4B-transduced cells. The proportion of CD45+ cells
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with SALL4A was 3.84% (0.34-12.89%; n=12) and with
SALL4B was 2.98% (0.41-9.41%; n=12) compared to 0.52%
(0.03-1.18%; n=12) for control cells (FIG. 23H). Further-
more, long-term engraftment with SALL4A - or B-transduced
cells was also evident by detecting human CD45+ cells in the
mouse peripheral blood at 14 weeks (n=6) or 19 weeks (n=3).

To quantitatively measure the effects of SALI4-trans-
duced CD34+ cells, we conducted limiting-dilution experi-
ments to determine the NOD/SCID mice repopulating cell
(SRC) frequency. At 7 weeks after injection, the SRC fre-
quency increased from 1 in 19,200 CD34+ cells (range
defined by +/-s.e.: 14,100-25,900) to, respectively, 1in 7,100
(range defined by +/-s.e.: 5,200-9,800) for SALL4A and 1 in
9,100 (range defined by +/-s.e.: 6,700-12,400) for SALL4B.
The total SRC content was expanded by 1080 fold for
SALL4A and 844 fold for SALL4B (n=72) compared to
uncultured cells by taking into account the increase in the
SRC frequencies and total cell numbers (FIG. 231). Without
wishing to be bound by any scientific theory, these results
may suggest that overexpression of SALL4 solely in HSCs
does not override the regulatory mechanisms involved in the
control of stem cell output in vivo.

Example 9

TAT-SALLA4B Protein Induced CD34+ Cell Expansion
Lentiviral expression of SALL4 is very efficient, but its
clinical application is not ideal due to difficulties in control-
ling the level and duration of expression of the transgene in
vivo as well as the potential for insertional leukemogenesis.
In order to use a different approach to demonstrate the role of
SALL4 in HSC expansion, a TAT-6xHis-SALL4B protein
expressed in E. coli, and purified using Ni-NTA agarose
(FIGS. 25A and 25B). The recombinant protein of TAT-
SALLA4B was confirmed by a Western blot with a anti-6xHis
tag mouse monoclonal antibody and mass spectrometry
analysis (FIGS. 25C and 25D). SALL4B was focused on
because it is a shorter form and expressed a high level of
proteinin E. coli. After 3 days of TAT-SALLA4B treatment, the
CD34+ cells expanded rapidly (FIG. 26A). Human CD34+
cells cultured 3 to 4 days with SALL4 fusion protein (200
nM) along with TPO, SCF and Flt-3 ligand showed more than
10 and 8 fold increases of total mononuclear cells and CD34+
cells, respectively (FIGS. 26B and 26C). TAT-SALL4B pro-
tein (200 nM) was added twice a day and appeared to be
sufficient to expand the cells. In addition, CFU assays dem-
onstrated that these cells could form various colonies includ-
ing CFU-GM, CFU-GEMM, and BFU-E (FIG. 26D). By
taking the fold increase of the TAT-SALL4B treated cells
versus control times the CFU numbers, it was noted that the
overall CFU number increased by approximately ten fold.

Example 10

Expression and Purification of TAT-SALL4B Fusion Protein
in SF9 Insect Cells

Visual inspection of the SF9 cells at 4 days showed the
presence of polyhedrins within the cells (FIG. 30), indicating
virus production. The expression of hSALL4B protein was
confirmed by Western blotting (FIG. 29). The blot also con-
firmed the presence of His-tagged SALL4B in the first elute
and second elute from Ni-NTA beads.

Example 11

In vitro Expansion of Whole Mouse Bone Marrow Cells by
TAT-SALLA4B Protein

Mouse whole bone marrow cells were isolated as previ-
ously described. Cells starting at 0.4x10° were cultured in 20
ng/ml TAT-SALLA4B protein or 20 ng/ml BSA. The numbers
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of cells were average at 1.16x10%, 2.04x10° and 3.16x10° in
BSA group and 1.89x10°, 7.28x10° and 10.1x10° in
SALLA4B group on day 4, 7 and 10 (FIG. 31), showing that
TAT-SALLA4B can promote the proliferation of whole bone
marrow cells in vitro.

Example 12

TAT-SALLA4B Protein Promotes Marrow Cell Expansion and
the Recovery of Bone Marrow

TAT-SALLA4B protein, G-CSF or PBS was intraperito-
neally injected into mice for 7 consecutive days 24 hours after
lethal irradiation. The dose of the lethal irradiation (7Gy,
gamma-ray) is able to kill more than 99% of mouse bone
marrow cells within one week. An average of 2x107 whole
bone marrow nucleated cells could be obtained from flushing
out tibia and femur of both sides in one wide type mouse. In
the PBS group, the number of whole bone marrow cells was
1.32x10° (+/-0.13x10°; n=6) at day 8 after irradiation. In
comparison, G-CSF animals had 4.51x10° (+/-0.43x105;
n=6) cells and the SALLA4B treated group had 7.91x10° (+/—
0.75%x105; n=7) cells. As consistent with previous reports,
G-CSF could increase the number of the cells by 3.42 fold.
The fold increases were 6.00 and 1.75 in SALL4B group as
compared to PBS control and G-CSF group, respectively,
suggesting SALLA4B is even better than G-CSF regarding to
boosting the proliferation of bone marrow cells after irradia-
tion.

Thehistological sections from different group at day 8 after
irradiation were analyzed. In contrast to PBS group in which
only very few cells, mainly marrow stromal cells, left in
mouse bone marrow cavity, the cellularization of the bone
marrow was dramatically enhanced by G-CSF or SALL4B
treatment (FIGS. 32-34). In addition, the majority of cells are
identified as of hematopoietic cells. These data demonstrate
that SALL4B is efficient in promoting the recovery of bone
marrow by increasing the proliferation of bone marrow cells.

Example 13

SALL4B Increases Expansion of Hematopoietic Stem and
Progenitor Cells in Mouse Bone Marrow

With flow cytometry, the hematopoietic stem and progeni-
tor cell content with a combination of Lin, ¢c-Kit and Scal-1
staining for the whole bone marrow cells was detected. The
percentage of HPCs (Lin-/c-Kit+Scal-) was increased to
14.7% in G-CSF group and 9.82% in SALL4B group as
compared to 5.1% control. These results were correlated well
with CFC (colony forming cell) assays (FIG. 35). CFC assays
are well characterized assays that can detect an increase or
decrease in the frequency of hematopoietic progenitor prolif-
eration in response to stimulatory or inhibitory agents.

In addition, compared to control (1.24%), hematopoietic
stem cells (HSCs) (Lin-/c-Kit+/Scal-1+) percentage were
also significantly higher in GCSF group (FIG. 36). Impor-
tantly, the HSC percentage in SALL4B group was even
higher than that in G-CSF group (approximately 2.7 fold
increase). The total fold increases (vs. control) of HSCs num-
ber in mouse bone marrow were 11.8 (n=6) fold and 32.2
(n=7) fold in G-CSF and SALL4B, respectively.

Example 14

Enhanced Long-Term Engraftment of Cord Blood Stem Cells
and Progenitor Cells by TAT-SALL4B Protein

The ability of TAT-SALL4B to increase the efficiency of
bone marrow transplantation was tested using Umbilical

10

35

40

45

50

55

60

65

32

Cord Blood (UCB) cells. 20,000 CD34+ UCB cells were
transplanted into sub-lethally irradiated NOD/SCID mice and
treated with 2 ug/day SALL4B protein for 7 days and then 2
ug/day every other day for an additional week (FIG. 37).
Animals treated with TAT-SALL4B protein isolated from
SF9 cells showed an 8.5 fold increase in the long-term
engraftment of CD45+ cells (UCB cells) in the peripheral
blood 16 weeks post-transplant compared to PBS treated
controls. CD45 cells (UCB cells) 16 weeks post-transplant
compared to PBS treated controls. The transplanted UCB
cells in the marrow was further examined. As shown in FIG.
38, the level of donor cells, UCB in mice administrated with
TAT-SALLA4B, was increased by 10 fold compared with that
of control mice injected with PBS and was measured four
months post-transplant, demonstrating an achievement of
long-term engraftment. These studies indicate that TAT-
SALLA4 protein is a robust factor in the promotion of stem cell
engraftment.

Example 15

TAT-SALL4 Increases Yield of Stem and Progenitor Cells

Enumeration of hematopoietic colony-forming progenitor
cells (CFC) is used to evaluate peripheral blood progenitor
cell collections. CFC association with the day of neutrophils
recovery, measured as the coefficient of correlation, is stron-
ger than that of the total nuclear cells. SALL4B protein was
intraperitoneally injected to wild type mice and then the
peripheral blood was collected from injected mice to evaluate
the number of CFC. As shown in FIG. 39, the CFC numbers
in the peripheral blood from mice injected with SALI 4B
protein were increased by threefold compared to that of mice
injected with PBS. This study indicated that TAT-SALL 4 is
able to increase the peripheral blood yield of stem and pro-
genitor cells when TAT-SALL4 is administrated.

Discussion

As demonstrated herein, SALL4A and SALL4B are strong
positive regulators of hematopoetic stem cell expansion.
While previous attempts to expand HSCs using hematopoi-
etic growth factors such as fetal liver tyrosine kinase (F1t3)
ligand, stem cell factor, interleukins 6 and 11, HOXB4, OCT4
and Nanog show only a limited expansion of HSCs, HSCs
receiving expression of SALL4A or SALL4B are able to
achieve a high-level of ex vivo expansion. Cultures of
SALLA4-transduced cells results in extensive HSC expansion
with over 1000-fold higher levels than controls within 2 to 3
weeks and expanded HSCs show no or very little maturation.
Moreover, the expansion occurs quite rapidly with significant
HSC growth in just a few days. In addition, SALL4-induced
HSC expansion exhibits no impairment of hematopoietic cell
differentiation. SALL4 appears to function in the mainte-
nance of an undifferentiated proliferation state and block cell
differentiation for HSCs.

A new therapeutic strategy is described herein, which in
some embodiments uses cytokine-dependent SALL4 tech-
nology for the dramatic 10,000 to 15,000-fold ex vivo expan-
sion of human HSCs without significant differentiation over 4
weeks. In some experiments, even after 8 weeks of cell cul-
ture, 37% of the CD34+ cells were still CD34+/CD38- (data
not shown). In xenotransplantation models, the stem cell fre-
quency of cells that had been induced by SALL4 for 4 weeks
ex vivo was only 2-2.5-fold higher than fresh CD34+ cells
(FIG. 26H). Without wishing to be bound by any scientific
theory, the in vivo growth of SALL4-induced HSCs might be
dissimilar to those in cell culture conditions (ex vivo) where
an excess of special cytokines is present.
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In some embodiments described herein the magnitude of
HSC expansion is unprecedentedly high with 10,000 fold for
CD34+/CD38- and CD34+/CD38+ populations. In addition,
the expansion of engraftable long-term HSCs by the SALLL4
approach described herein is achievable in embodiments of
the invention and is supported by evidence of the secondary
and tertiary transplantation studies described herein.

Massive ex vivo expansion of CD34+ cells can be achieved
without differentiation using materials and methods
described herein. These expanded cells retain long-term
engraftment properties similar to those of un-manipulated
cells in vivo. In experimental examples described herein, the
SALL4-expanded cells sustained a long-term engraftment
demonstrated by serial xenotransplant models and repopula-
tion assays. Most critically, after transplantation they do not
override the niche-induced regulatory controls, allowing
these expanded stem cells to avoid leukemic formation. No
evidence of leukemia was evident in transplanted mice in
either serially xenotransplanted animals or by more than 10
months post-transplantation (data not shown). In addition, no
leukemic formation was exhibited for 12 months post synge-
neic transplantation when either SALL4A or B was expressed
and introduced into mouse stem/progenitor hematopoietic
cells (n=6).

REFERENCES

1. Ueda et al., Expansion of human NOD/SCID-repopulating
cells by stem cell factor, F1k2/F1t3 ligand, thrombopoietin,
IL-6, and soluble IL-6 receptor, J Clin Invest. (2000) 105
(7):1013-21.

2. Yonemura et al., In Vitro Expansion of Hematopoietic
Progenitors and Maintenance of Stem Cells: Comparison
Between FLT3/FLK-2 Ligand and KIT Ligand, Blood
(1997) 89:1915-1921.

3. Peters et al., Ex vivo expansion of murine marrow cells
with interleukin-3 (IL.-3), IL-6, IL.-11, and stem cell factor
leads to impaired engraftment in irradiated hosts. Blood
(1996) 87(1):30-7.

4. Antonchuk et al., HOXB4-induced expansion of adult
hematopoietic stem cells ex vivo, Cell. 2002 109(1):39-45.

5. Elling U, Klasen C, Eisenberger T, Anlag K, Treier M
(2006) Murine inner cell mass-derived lineages depend on
Sall4 function. Proc Natl Acad Sci USA 103(44): 16319-
24.

5

10

15

20

25

30

35

40

34

6. Hart A H, Hartley L, Ibrahim M, Robb L. (2004) Identifi-
cation, cloning and expression analysis of the pluripotency
promoting Nanog genes in mouse and human. Dev Dyn
230(1): 187-98.

7.7Zhang J, Tam W L, Tong G Q, Wu Q, Chan HY, et al. (2006)
Sall4 modulates embryonic stem cell pluripotency and
early embryonic development by the transcriptional regu-
lation of Pou5f1. Nat Cell Biol 8(10): 1114-23.

8.LiSS,LiuY H, Tseng CN, Chung T L, Lee T, et al.
(2006) Characterization and gene expression profiling of
five new human embryonic stem cell lines derived in Tai-
wan. Stem Cells Dev 15(4): 532-55.

9. Wang J, Rao S, Chu J, Shen X, Levasseur D N, et al. (2006)
A protein interaction network for pluripotency of embry-
onic stem cells. Nature 444(7117): 364-8.

10. Wu Q, Chen X, Zhang J, LohY H, Low T, et al. (2006)
Sall4 interacts with Nanog and co-occupies Nanog
genomic sites in embryonic stem cells. J Biol Chem 281
(34): 24090-4.

11. Zhou Q, Chipperfield H, Melton D A, Wong W H (2007)
A gene regulatory network in mouse embryonic stem cells.
Proc Natl Acad Sci USA 104(42): 16438-43.

12. Chen X, Vega V B, Ng H H (2008) Transcriptional regu-
latory networks in embryonic stem cells. Cold Spring Harb
Symp Quant Biol 73: 203-9.

13.Lim CY, Tam W L, Zhang J, Ang H S, Jia H, et al. (2008)
Sall4 regulates distinct transcription circuitries in different
blastocyst-derived stem cell lineages. Cell Stem Cell 3(5):
543-54.

14. Yang J, Chai L, Fowles T C, Alipio Z, Xu D, et al. (2008)
Genome-wide analysis reveals Sall4 to be a major regula-
tor of pluripotency in murine-embryonic stem cells. Proc
Natl Acad Sci USA 105(50): 19756-61.

15. Futaki et al., Arginine-rich peptides and their internaliza-
tion mechanisms Biochem Soc Trans, 2007 4:784-7.

16. Cronican et al., Potent Delivery of Functional Proteins
into Mammalian Cells in Vitro and in Vivo Using a Super-
charged Protein, ACS Chem Biol. 2010 Jun. 21. [Epub
ahead of print]

17. Sieburg et al., The haematopoietic stem cell compartment
consists of a limited number of discrete stem cell subsets.
Blood, 2006 107:2311-6.

18. Schroeder T, Haematopoietic Stem Cell Heterogeneity:
Subtypes, Not Unpredictable Behavior. Stem Cell, 2010.

19. Dykstra et al., Long-Term Propagation of Distinct
Hematopoietic Differentiation Programs In Vivo. Cell
Stem Cell 2007 1(2):218-229.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 5143

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ttattctgece ccagetgatg tttgagecag catgtegegg aggaagcaag cgaagcectca 60
acatttccaa teccgacceeg aagtggecte getceccegg cgagatggag acacagaaaa 120
gggtcaaccyg agtcgcccta ctaagagcaa ggatgeccac gtetgtggee ggtgetgtge 180
cgagttettt gaattatcag atcttetget ccacaagaag aactgtacta aaaatcaatt 240
agttttaatc gtaaatgaaa atccagccte cccacccgaa accttetece ccageccece 300
tcctgataat cctgatgaac aaatgaatga cacagttaac aaaacagatc aagtggactg 360
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-continued
cagcgacctt tcagaacaca acggacttga cagggaagag tccatggagyg tggaggccce 420
ggttgctaac aaaagcggca gcggcacttc cagcggcage cacagcagta ccgecccaag 480
cagcagcagce agcagcagca gcagcagegg cggeggcegge agcetecteca caggtaccte 540
agcgatcaca acctctctac ctcaactecgg ggacctgaca acactgggca acttcteegt 600
aatcaacagc aacgtcatca tcgagaacct ccagagcacce aaggtggegyg tggeccagtt 660
cteccaggaa gcegaggtgceg geggggecte tgggggcaag ctggecgtece cagecctcat 720
ggaacaactc ctagctctge agcagcagca gatccaccag ctgcaattga tcgaacagat 780
tcgtcaccaa atattgetgt tggcttctca gaatgcagac ttgccaacat cttctagtcee 840
ttctcaaggt actttacgaa catctgecaa ccecttgtec acgctaagtt cccatttate 900
tcagcagcetyg gcagcagcag ctggattgge acagagcecte gcecagccaat ctgccagcat 960
tagtggtgtg aaacagctac ccccaatcca gctacctcag agcagttctg gcaacaccat 1020
cattccatcc aacagcggct cttctceccaa tatgaacata ttggcagcgg cagttaccac 1080
ccegtectet gaaaaagtgg cttcaagtgce tggggcectece catgtcagca acccageggt 1140
ctcatcatcg tecctcaccag cttttgcaat aagcagttta ttaagtcctg cgtctaatcce 1200
acttctacct cagcaagcct ccgctaactce ggttttecce agceccectttge ccaacatcegg 1260
aacaactgca gaggatttaa actccttgtce tgccttggcce cagcaaagaa aaagcaagcce 1320
accaaatgtc actgcctttg aagcgaaaag tacttccgat gaggcattct tcaaacacaa 1380
gtgcaggttc tgcgcgaagg tctttgggag tgacagtgcec ttgcagatcc acttgegtte 1440
ccataccgga gagaggccat tcaagtgcaa catctgeggg aacaggttcet ccaccaaggg 1500
gaatctgaaa gtccacttte agcgccacaa agagaaatac cctcatatcc agatgaaccce 1560
ctatcctgtg cctgagcatt tggacaatat ccccacgagt actggcatcce catatggcat 1620
gtecatcect ccagagaage cagtcaccag ctggctagac accaaaccag tcectgcctac 1680
tctgaccact tcagtcggec tgccgttgce cccaacccte ccaagcectca tacccttcat 1740
caagacggaa gagccagccce ccatcccecat cagecattet gecaccagece ccccaggcete 1800
agtcaaaagt gactccgggg gecctgagte agecacaaga aacctaggtyg ggctcccaga 1860
ggaagccgaa gggtccacte tgccacccte tggtggcaaa agcgaagaga gtggcatggt 1920
caccaactca gtceccgacgg cgagcagtag cgtectgage tecccagegyg cagactgcegg 1980
ccecgeggygce agtgccacca ccttcaccaa cceetttgttg cegctcatgt ccgagcagtt 2040
caaggccaag tttceccttttg ggggactcct ggactcagcet caggcatcag agacgtccaa 2100
gcttcagcaa ctggtagaaa acattgacaa gaaggccact gaccccaatg agtgcatcat 2160
ctgccaccgg gttctcaget gcecagagcge cttgaaaatg cactacagga cacacactgg 2220
ggagaggccc tttaagtgta agatctgtgg ccgggcttte accacgaaag ggaatcttaa 2280
aacccactac agtgtccatc gtgctatgce ccecgctcaga gtccagcatt cctgcecccat 2340
ctgccagaag aagttcacga acgctgtggt cctgcagcag cacatccgaa tgcatatggg 2400
aggccagatc cccaacaccce cagtccecga cagctactet gagtcecatgg agtctgacac 2460
aggttccecttt gatgagaaaa attttgatga cctagacaac ttctctgatg aaaacatgga 2520
agactgtcct gagggcagca tccctgatac acctaagtcet gcagacgcct cccaagacag 2580
cttatcctet tegectttge cectcgagat gtcecgagcatce getgctttgg aaaatcagat 2640
gaagatgatc aatgctggcece tggcagagca gctacaggec agectgaagt cagtggagaa 2700
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tgggtccatc gagggggatg tcecctgaccaa tgattcatcce tcagtgggtg gtgacatgga 2760
aagccaaagt gctggcagcec cagccatctce agagtctacce tcecttceccatge aggctcectgte 2820
ccegtecaac agcacgcagg agttccacaa gtcacccage attgaggaga aaccacagag 2880
agcggtcecca agcgagtttg ccaatggttt gtctcecccacce ccagtgaatg gtggggettt 2940
ggatttgaca tctagtcacg cagagaaaat catcaaagaa gattctttgg ggatcctcett 3000
ccettttaga gaccggggta aatttaaaaa cactgcttgt gacatttgtg gcaaaacatt 3060
tgcttgtcag agtgccttgg acattcacta tagaagtcat accaaagaga gaccatttat 3120
ttgcacagtt tgcaatcgtg gcecttttccac aaagggtaat ttgaagcagce acatgttgac 3180
acatcagatg cgagatctgc catcccagct ctttgagecce agttccaacce ttggccccaa 3240
tcagaactca gcggtgattc ccgccaactce gttgtcatct ctcatcaaga cagaggtcaa 3300
cggcttegtg catgtttete ctcaggacag taaggacacc cccaccagte acgtcccgte 3360
tgggcctetg tettectetyg ccacatccce agttectgete cectgctcectge ccaggagaac 3420
tcccaagcag cactactgca acacatgtgg caaaaccttce tectcatcga gtgccctgcea 3480
gattcacgag agaactcaca ctggagagaa accctttgcet tgcactattt gtggaagagce 3540
tttcacgact aaaggcaatc ttaaggtaca catgggcact cacatgtgga atagcacccc 3600
tgcacgacgg ggtcggcgge tcectcectgtgga tggccccatg acatttctag gaggcaatcce 3660
cgtcaagttc ccagaaatgt tccagaagga tttggcggca agatcaggaa gtggggatcce 3720
ttccagette tggaatcagt atgcagcagce gctcectccaac gggctggcga tgaaggccaa 3780
cgagatctcce gtcattcaga acggtggcat ccctccaatt cctggaagece teggcagtgg 3840
gaacagctca cctgttagtg ggctgacggg aaacctggag aggctccaga actcagagec 3900
caatgctccee ctggecggcee tggagaaaat ggcaagcagt gagaacggaa ccaacttccg 3960
cttcacccge ttcecgtggagg acagcaagga gatcgtcacg agttaaagca gctcgggcetg 4020
gagacatagc attcattcct gttcagaatg cgacctatgg tggcctceccta ctecttgecce 4080
ccecaccecge ceccgecceett cettetgtte cccagatcecta tgaactacaa cattatgaag 4140
acattctttt gtaccttgtt caactttaga gttctaagaa agcttattta ttagcgatat 4200
aaccttgectt tgcaaacaga atgcaagcgt taactttggt cttctgtatt ttggactaaa 4260
tactaattga ctagagtgct gtaaacttgc tgtaacattt atggcaattg caagttgccc 4320
tgctaggcag ttgtaatctg gcattaactt attttctata tccagtttaa tatgaatctg 4380
gtgttgatgc aatgcctcag tgatgcatta gatctctaat aaagtctgta tatacatgta 4440
cactttgatc ctgctggaaa attttatcag caaacacatt gtctaatctt tcaaaacaga 4500
tttaaggaaa ggactgaaag tacagactga acagtgtggt tctttgaaag gtttggtttt 4560
ttaattttta ttctaaaatt caaccttttt ttttgtcgat ttaaccattt ccattttgaa 4620
ctgctatttg tattgtgctt tttacttgag tcgtcttcaa tgttaataag tttctgtaca 4680
gtaataagca cgcagaattc tttagagaaa aagaaaacaa gcgttgtttt ggtagttgaa 4740
actgagacgt aacattttgc cttgtaggta tattcacgat agaaaatgtg tgctggaatt 4800
tcacaatgct gctaagtata gcatcttgaa caaccttcag tggagaaaat gtagatgctce 4860
ttgtatatac aataagaaat atcactttca ttcaaatgta catatgttcc ttacaagagc 4920
aaatgcttct tcttgatcaa gagagcaggt atagtgtttg tttattttgt cttaggtatg 4980
gaagaaaaaa attggactgt tacatgcact ttcttggaaa gttgaaagga aagggggggt 5040
ccaatttctt taacatttaa tacttactaa caacagagat actgtaattt tactcaagta 5100
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-continued
atcaaataca ttttttttgc aacagataaa acaaaatact gtg 5143
<210> SEQ ID NO 2
<211> LENGTH: 5253
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
ctttggaggt tcagagctgce aagaagatgg ggactggtgt cggggcgeca gcegectgace 60
cgetggggtt geggecgggyg tggagagtge tgetggeege cagttgttece ggagacggtyg 120
caaacggacg gggaaagtgt cggggtctgg ctegcaaaat ttatctcege atctettcece 180
acaacacttg caccctctge cccccaaaat ctttetggag acacagaaaa gggtcaaccyg 240
agtcgeccta ctaagagcaa ggatgcccac gtetgtggece ggtgetgtge cgagttettt 300
gaattatcag atcttctgct ccacaagaag aactgtacta aaaatcaatt agttttaatc 360
gtaaatgaaa atccagcctce cccacccgaa accttcetece ccagecccecece tectgataat 420
cctgatgaac aaatgaatga cacagttaac aaaacagatc aagtggactg cagcgacctt 480
tcagaacaca acggacttga cagggaagag tccatggagyg tggaggccce ggttgctaac 540
aaaagcggca gcggcacttce cagcggcage cacagcagta ccgecccaag cagcagcagce 600
agcagcagca gcagcagcegg cggcggegge agetcctceca caggtaccte agcgatcaca 660
acctctctac ctcaactcgg ggacctgaca acactgggea acttctcegt aatcaacage 720
aacgtcatca tcgagaacct ccagagcacc aaggtggegyg tggcccagtt ctcccaggaa 780
gegaggtgeyg geggggecte tgggggcaag ctggccegtece cagccctcat ggaacaacte 840
ctagetetge agcagcagca gatccaccag ctgcaattga tcgaacagat tcgtcaccaa 900
atattgctgt tggcttctca gaatgcagac ttgccaacat cttctagtece ttctcaaggt 960
actttacgaa catctgccaa ccccttgtcee acgctaagtt cccatttatce tcagcagetg 1020
gcagcagcag ctggattggce acagagcctc gccagccaat ctgccagcat tagtggtgtg 1080
aaacagctac ccccaatcca gctacctcag agcagttcetg gcaacaccat cattccatcce 1140
aacagcggct cttctcccaa tatgaacata ttggcagcegg cagttaccac cccgtectcet 1200
gaaaaagtgg cttcaagtgc tggggcctcce catgtcagca acccagceggt ctcatcatcg 1260
tcetcaccag cttttgcaat aagcagttta ttaagtectg cgtctaatce acttctacct 1320
cagcaagcct ccgctaacte ggttttecce agecectttge ccaacatcgg aacaactgca 1380
gaggatttaa actccttgte tgccttggcecce cagcaaagaa aaagcaagcc accaaatgtce 1440
actgcctttg aagcgaaaag tacttccgat gaggcattct tcaaacacaa gtgcaggttce 1500
tgcgcgaagg tcetttgggag tgacagtgcce ttgcagatcce acttgegtte ccataccgga 1560
gagaggccat tcaagtgcaa catctgcggg aacaggttcect ccaccaaggg gaatctgaaa 1620
gtccacttte agcgccacaa agagaaatac cctcatatcc agatgaaccce ctatcctgtg 1680
cctgagcatt tggacaatat ccccacgagt actggcatcc catatggcat gtccatccect 1740
ccagagaagce cagtcaccag ctggctagac accaaaccag tcectgectac tctgaccact 1800
tcagtcggece tgccgttgece cccaacccte ccaagcectca tacccttcat caagacggaa 1860
gagccagecee ccatccccat cagecattcet gecaccagec ceccaggcetce agtcaaaagt 1920
gactcegggyg gecctgagte agccacaaga aacctaggtg ggctcccaga ggaagccgaa 1980
gggtccacte tgccacccte tggtggcaaa agcgaagaga gtggcatggt caccaactca 2040
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gteccgacygyg cgagcagtag cgtectgage tcecccagegg cagactgegg ceccgeggge 2100
agtgccacca ccttcaccaa cectttgttg ccgectcatgt ccgagcagtt caaggccaag 2160
tttcecttttg ggggactect ggactcagct caggcatcag agacgtccaa gcecttcagcaa 2220
ctggtagaaa acattgacaa gaaggccact gaccccaatg agtgcatcat ctgccaccgg 2280
gttetcaget gecagagege cttgaaaatg cactacagga cacacactgg ggagaggecce 2340
tttaagtgta agatctgtgg ccgggctttc accacgaaag ggaatcttaa aacccactac 2400
agtgtccatc gtgctatgecc cccgctcaga gtccagcatt cctgccccat ctgccagaag 2460
aagttcacga acgctgtggt cctgcagcag cacatccgaa tgcatatggg aggccagatc 2520
cccaacaccce cagtccccga cagctactct gagtccatgg agtctgacac aggttcecttt 2580
gatgagaaaa attttgatga cctagacaac ttctctgatg aaaacatgga agactgtcect 2640
gagggcagca tccctgatac acctaagtct gcagacgcct cccaagacag cttatcctcet 2700
tcgectttge cecctecgagat gtcgagcate gctgectttgg aaaatcagat gaagatgatce 2760
aatgctggcce tggcagagca gctacaggcce agectgaagt cagtggagaa tgggtccatce 2820
gagggggatg tcctgaccaa tgattcatcc tcagtgggtg gtgacatgga aagccaaagt 2880
gctggcagece cagccatcte agagtctacce tcetteccatge aggctcetgtce ccegtccaac 2940
agcacgcagg agttccacaa gtcacccage attgaggaga aaccacagag agcggtccca 3000
agcgagtttg ccaatggttt gtctcccace ccagtgaatg gtggggcttt ggatttgaca 3060
tctagtcacg cagagaaaat catcaaagaa gattctttgg ggatcctctt ceccttttaga 3120
gaccggggta aatttaaaaa cactgcttgt gacatttgtg gcaaaacatt tgcttgtcag 3180
agtgccttgg acattcacta tagaagtcat accaaagaga gaccatttat ttgcacagtt 3240
tgcaatcgtg gettttceccac aaagggtaat ttgaagcagce acatgttgac acatcagatg 3300
cgagatctgce catcccaget ctttgagcce agttccaacc ttggccccaa tcagaactca 3360
gcggtgatte ccgccaacte gttgtcatct ctcatcaaga cagaggtcaa cggcttegtg 3420
catgtttctce ctcaggacag taaggacacc cccaccagtc acgtcccgte tgggectcetg 3480
tcttectetg ccacatcecee agttetgcete cctgectetge ccaggagaac teccaagcag 3540
cactactgca acacatgtgg caaaaccttc tcctcatcga gtgccctgca gattcacgag 3600
agaactcaca ctggagagaa accctttgct tgcactattt gtggaagagc tttcacgact 3660
aaaggcaatc ttaaggtaca catgggcact cacatgtgga atagcacccc tgcacgacgg 3720
ggtcggcgge tcectetgtgga tggccccatg acatttctag gaggcaatcce cgtcaagtte 3780
ccagaaatgt tccagaagga tttggcggca agatcaggaa gtggggatcc ttccagettce 3840
tggaatcagt atgcagcagc gctctccaac gggctggcega tgaaggccaa cgagatctcece 3900
gtcattcaga acggtggcat ccctccaatt cctggaagec teggcagtgg gaacagctca 3960
cctgttagtg ggctgacggg aaacctggag aggctccaga actcagagcc caatgctcecce 4020
ctggecggee tggagaaaat ggcaagcagt gagaacggaa ccaacttecg cttcacccge 4080
ttecgtggagg acagcaagga gatcgtcacg agttaaagca gctcgggctg gagacatagce 4140
attcattecct gttcagaatg cgacctatgg tggcctcecta ctcecttgcecce cccacccecegce 4200
ccegecectt cettetgtte cccagatcta tgaactacaa cattatgaag acattcetttt 4260
gtaccttgtt caactttaga gttctaagaa agcttattta ttagcgatat aaccttgcett 4320
tgcaaacaga atgcaagcgt taactttggt cttcectgtatt ttggactaaa tactaattga 4380
ctagagtgct gtaaacttgc tgtaacattt atggcaattg caagttgccce tgctaggcag 4440
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ttgtaatctg gcattaactt attttctata tccagtttaa tatgaatctg gtgttgatgce 4500
aatgcctcag tgatgcatta gatctctaat aaagtctgta tatacatgta cactttgatc 4560
ctgctggaaa attttatcag caaacacatt gtctaatctt tcaaaacaga tttaaggaaa 4620
ggactgaaag tacagactga acagtgtggt tctttgaaag gtttggtttt ttaattttta 4680
ttctaaaatt caaccttttt ttttgtcgat ttaaccattt ccattttgaa ctgctatttg 4740
tattgtgctt tttacttgag tcgtcttcaa tgttaataag tttctgtaca gtaataagca 4800
cgcagaattc tttagagaaa aagaaaacaa gcgttgtttt ggtagttgaa actgagacgt 4860
aacattttgc cttgtaggta tattcacgat agaaaatgtg tgctggaatt tcacaatgct 4920
gctaagtata gcatcttgaa caaccttcag tggagaaaat gtagatgctc ttgtatatac 4980
aataagaaat atcactttca ttcaaatgta catatgttcc ttacaagagc aaatgcttct 5040
tcttgatcaa gagagcaggt atagtgtttg tttattttgt cttaggtatg gaagaaaaaa 5100
attggactgt tacatgcact ttcttggaaa gttgaaagga aagggggggt ccaatttctt 5160
taacatttaa tacttactaa caacagagat actgtaattt tactcaagta atcaaataca 5220
ttttttttgce aacagataaa acaaaatact gtg 5253
<210> SEQ ID NO 3
<211> LENGTH: 4931
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
gagctgcaga agcgtaggga agaagctgaa gaaaaaaagg gggcgtctec cctttaaaga 60
cttgcaaaga ttgagagaga aagagagaga gtcaagaaca gagaatcaga gagagagaga 120
gagtctgtgt ctectgggaaa gaagaacatc tctgcttcac agtgatttge getgggggag 180
aggcatcaat tggcttcgga cccaaggggg agacgagacce aggtcacccece ggttaagace 240
aagtgagcgt tgccectece tctceccaact ctetaccegg gaatgtceteg gcgaaagcag 300
cggaaaccce aacagttaat ctcggactge gaaggtccca gegegtcetga gaacggtgat 360
gctagcegagyg aggatcacce ccaagtctgt gecaagtget gegcacaatt cactgaccca 420
actgaattce tcgeccacca gaacgcatgt tctactgace ctectgtaat ggtgataatt 480
gggggccagyg agaaccccaa caactctteg gectectetg aaccceggec tgagggtcac 540
aataatccte aggtcatgga cacagagcat agcaaccccee cagattctgg gtccteegtg 600
cccacggate ccacctgggg cccagagagg agaggagagg agtctccagyg gcatttectg 660
gtegetgeca caggtacage ggctggggga ggcgggggece tgatcttgge cagtceccaag 720
ctgggagcaa ccccattacce tccagaatcg acccctgecac ccectectece tccaccacce 780
ccteegecee caggggtagg cagtggecac ttgaatatcee cectgatcett ggaagagcta 840
cgggtgetge agcageggca gatccatcag atgcagatga ctgagcaaat ctgcaggcag 900
gtgetgttge ttggctcectt aggecagacg gtgggtgece ctgccagtec ctcagagceta 960
cctgggacag ggactgccte ttceccaccaag ccecctactac cectecttcag ceccatcaag 1020
cctgtccaaa ccagcaagac actggcatct tcctectect cectectette ctettcaggg 1080
gcagaaacgc ccaagcaggc cttettceccac ctttaccacc cactggggtc acagcatcect 1140
ttectetgetyg gaggggttgg gcegaagccac aaacccaccce ctgccectte ceccagecttg 1200
ccaggcagca cagatcagct gattgcctceg cctcatcetgg cattcccaag caccacggga 1260
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ctactggcag cacagtgtct tggggcagcce cgaggccttg aggccactge ctccccaggg 1320
ctcctgaage caaagaatgg aagtggtgag ctgagctacg gagaagtgat gggtcccttg 1380
gagaagcctg gtggaaggca caaatgccgce ttctgtgcca aagtatttgg cagtgacagt 1440
gccetgcaga tceccacctteg tteccacacg ggtgagaggce cctataagtg caatgtetgt 1500
ggaaaccgtt ttaccacccg tggcaacctc aaagtgcatt tceccaccggca tcgtgagaag 1560
tacccacatg tgcagatgaa cccacaccca gtaccagagc acctagacta tgtcattacc 1620
agcagtggct tgccttatgg tatgtcegtg ccaccagaga aggccgagga ggaggcagcce 1680
actccaggtg gaggggttga gcgcaagcect ctggtggect ccacaacagce actcagtgcece 1740
acagagagcce tgactctgcet ctccaccagt gecaggcacag ccacggctece aggactccct 1800
gctttcaata agtttgtgct catgaaagca gtggaaccca agaataaagc tgatgaaaac 1860
acccecccag ggagtgaggg ctcagecate agtggagtgg cagaaagtag cacggcaact 1920
cgcatgcaac taagtaagtt ggtgacttca ctaccaagct gggcactgct taccaaccac 1980
ttcaagtcca ctggcagett ccccttecce tatgtgctag agceccecttggg ggcctcacce 2040
tctgagacat caaagctgca gcaactggta gaaaagattg accggcaagg agctgtggceg 2100
gtgacctcag ctgcctcagg agcccccacce acctcectgcece ctgcaccttce atcctcagece 2160
tcttectggac ctaaccagtg tgtcatctgt cteccgagtge ttagectgtee tegggcccta 2220
cgecttecatt atggccaaca tggaggtgag aggcccttca aatgcaaagt gtgtggcaga 2280
gcctteteca ccaggggtaa tctgecgtgca catttegtgg gcecacaaggce cagtccaget 2340
gccegggeac agaattcctg ccceccatcetge cagaagaagt tcaccaatgce tgtcactcetg 2400
cagcagcatg tccggatgca cctggggggce cagatcccca acggtggtac tgcactccect 2460
gaaggtggayg gagctgctca ggagaatggce tccgagcaat ctacagtctce cggggcaggyg 2520
agtttcccee agcagcagtc ccagcageca tcaccggaag aggagttgte tgaggaggag 2580
gaagaggagyg atgaggaaga agaggaagat gtgactgatg aagattccct ggcagggaga 2640
ggctcagaga gtggaggtga gaaggcaata tcagtgagag gtgattcaga agaggcatct 2700
ggggcagagyg aggaggtggg gacagtggcg gcagcagcca cagctgggaa ggagatggac 2760
agtaatgaga aaactactca acagtcttct ttgccaccac caccaccacc tgacagcctg 2820
gatcagccte agccaatgga gcagggaagce agtggtgttt taggaggcaa ggaagagggyg 2880
ggcaaaccygyg agagaagctc aagtccggca tcagcactca ccccagaagg ggaagccacce 2940
agcgtgacct tggtagagga gctgagectg caggaggcaa tgagaaagga gccaggagag 3000
agcagcagca gaaaggcctg cgaagtgtgt ggccaggect ttccectceccca ggcagctcetg 3060
gaggagcatc agaagaccca ccccaaggag gggccgctet tcacttgtgt tttetgcagg 3120
cagggctttce ttgagcgggce taccctcaag aagcatatge tectggcaca ccaccaggta 3180
cagccectttg cecccccatgg cectcagaat attgctgetce tttcectcectagt cectggetgt 3240
tcgectteca tcacctcecac agggctectcee cecectttecce gaaaagatga ccccacgatce 3300
ccatgagcct gtttttcectgt acctgctgct ctttgtcecca cagagcagaa acagcttcac 3360
aaaaggacct cccagagtta tgagccctga ttttgtettt ttctctaagt tettaacatg 3420
ttatgtccct agtggctttt ctgtagtcce tgagcecttgga aattactgtg cttacaaggg 3480
gatggccceec taaggaattt ttettcecccte ctcattcttt gtacctgagg aacatagatt 3540
ctctgcaget ttctcaaggg gaaccctcte cagetteect ggtgtgacce ttetteccce 3600
tcetetetee tetcecttte cetttggtag gtgcacctga gcacctacat ttggcattge 3660
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agcctageca aaaagggctg gcagcetgtcet ctggagggcce cagtgccact cctetggggt 3720
gacctttetg ctcagetggt gggtatgggt cccctatctt tcectagaacca gtatgtggca 3780
ttecctgtcaa atggecctgece catgaagccce tggaattcecca gectccaccte cactaccact 3840
ccaagcctgg ccccaccagt getgtttgge ctaggaactg tggctgggaa ggtgectceca 3900
acaatgggat ccagggaagc caaggagaag acagccccecece tectatttca gectectgea 3960
cccaaggcag tgcctgagaa gcccatcata gacaagaagt agcaaactgt acattccttce 4020
ttecteccee tgcteccagaa ggtgccggta ctgaagatge tccagtaatt ggtgacccaa 4080
ccectaggaag tagggagaaa tgaaggaagg gcataggaaa attttcccag taaatcccct 4140
gatggtcaca ttaaggtaaa ggttttggct ggtcagtgtg ccaagacctc tccagcttcet 4200
cattcatgat gacctctcaa agttgggaaa caagctgatt tcttgccaag aggtctccca 4260
ggagatattt gggaaatgtg aagttcgtat ctttaaggag catttttggt cagcatggtt 4320
gatgaactaa tgatgagaga gttaaggaat gttgctagaa catagggctt gctggtacct 4380
atgtgactaa gaaagggaca tgatgtaagg gaaaaggcct caaattcttg tgaatgtgga 4440
cattctegtt aatattcttt tgggctaata gtgacatagt gtgcagaggt gtaccaggga 4500
tcatggggga tttcctagca ctagtatgct tctagtttta gataactcce tectttatte 4560
cctggecect tgtattttece ttatcttcect ctttcaagac ccctacccat tttgectatce 4620
cgtaggcetgg ggcttgtgte tttgtcattg tctggttett aagagtccca getccaggtg 4680
gcgtecteee tgectectecg tettgtaatg agttgtagta tttactctta acataggatce 4740
atttggaaca ggagttctga ggaggagaga gtgagggttt tgctattgac tgacttgaac 4800
gatggcttet cctcaagcectg taggctcecag agcttcecctaa cctagtaaaa tgtcaagaac 4860
agacgggaga tattagtgtc tttccctcta tcattaaagg tgttttaacc aaaaaaaaaa 4920
aaaaaaaaaa a 4931
<210> SEQ ID NO 4
<211> LENGTH: 4775
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
atgtctcegge gcaagcaggce caagccccag cacctcaagt cggacgagga gctgetgecg 60
cctgacgggg ctccecgagca cgccgecceg ggggaaggtyg cggaggacgce agacagceggg 120
ccegagagee gcageggggg cgaggagacce agegtgtgeg agaaatgetyg cgccgagtte 180
ttcaagtggg cggacttcct ggagcaccag cggagctgea ccaagctece gccegtgetg 240
atcgtgcacg aggacgcgece cgcgcecgecce cecgaggact teccecgagece ttcegeccgee 300
agctecccca gcgagegege cgaaagegag geggecgagyg aggegggtge ggagggegeg 360
gagggcgagyg ccaggccggt ggagaaggag gccgagecca tggacgegga acccgcegggyg 420
gacacgcegeyg cgeccecggee ccecgectgeg geccectgeac ceccaacgec cgectacgge 480
gegeccagea ccaacgtgac cctggaggceg ctgctgagea ccaaggtgge ggtggcegeag 540
ttetegecagg gegegegege ggcaggegge tegggageag gtggaggegt ggcagetgea 600
geegtgecee tgatcctgga acagetcatg gecctgeage agcagcagat ccaccagetg 660
cagctcateg agcagatccg cagccaggtg gecctcatge agegeccgee gcocgeggece 720
tcactcagee ccgeggecge cccgagegea cegggecegyg ccecccageca gcetgecceggg 780
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ctggecgege tccegetgte ggccggggece cetgecgeceyg ccategeggyg ctegggecce 840
geegeccegy cegecttega gggegegeag cegcetgtece ggeccgagte tggegccage 900
accceeggeg gecctgegga geccagegeg cecgecgecoe ccagegecge ccectgeccee 960
getgecceeyg ceeeggegee agcegecgcag agcgcagect cgtegcagec gcagagcegea 1020
tccacgecege ctgecctgge ccecggggtee ctgetgggtyg cggegecegyg cctgecaagt 1080
ccgcttetac ctcagactte cgccagegge gtcatcttece ccaacccget ggtcagcatce 1140
geggecacgyg ccaacgctcet ggaccegetg tecgegetca tgaagcaccg caagggcaag 1200
ccgcccaatg tgtcecggtgtt cgagcccaaa gccagcgecg aggacccgtt cttcaagcac 1260
aaatgcecget tectgcgccaa ggtcecttegge agcgacageg cgctccagat ccacctgegce 1320
tecgcacacag gcgageggcece cttcaagtge aacatctgeg ggaaccgcett ctccaccaaa 1380
ggcaacctga aggtgcactt ccagaggcac aaggagaagt acccccacat ccagatgaac 1440
ccttaccegg teccccgagta cctggacaac gtgcccacct gectcecgggcat cccctacggce 1500
atgtecgetge ccceccgagaa geccgtgace acctggetgyg acagcaagece cgtgetgece 1560
accgtgccca cgteegtggg getgcaactyg cegeccactyg teectggege gcacggetac 1620
geegactete ccagecgccac cccagecage cgctcecege agaggceccte geccgectece 1680
agcgagtgeg cctecttgte cccaggecte aaccacgtgg agtccggcegt gteggccacce 1740
geegagtecee cacagtceget ccteggeggg ccgceccectca ctaaagecga geccgtcage 1800
ctgcectgea ccaacgccag ggccggggac getccegtgg gegegcagge tagegetgea 1860
cccacatcegg tggacggege acccacgage cteggcagece cegggetgee cgecegtetee 1920
gagcagttca aggcccagtt tcegtteggg gggctgctag actcgatgca aacgtcggaa 1980
acctcgaage tgcagcagct ggtggagaac atcgacaaga agatgacgga cccgaaccag 2040
tgcgtcatct geccaccgggt getgagetge cagagcgcege tgaagatgca ctaccggacg 2100
cacacggggg agcggecgtt caagtgcaag atctgeggece gegecttcac caccaagggce 2160
aacctcaaga cgcacttcgg cgtgcaccgt gcaaagccege ccectgegegt gcagcactcee 2220
tgccccatcect geccagaagaa gttcaccaac gcegtggtece tgcagcagca catccgcatg 2280
cacatgggeg gccagatccce caacacgecg ctgecggagyg gcettcecagga tgccatggac 2340
tcegagetgg cctacgacga caagaacgceg gagaccctga gcagctacga tgacgacatg 2400
gacgagaact ccatggagga cgacgctgag ctgaaggacg cggccaccga cccggccaag 2460
ccactecetgt cctacgcggg gtectgeccecg ccecteceege ccteggtcat ctecagecatt 2520
geegecctygy agaaccagat gaagatgatc gactcggtca tgagctgeca gcagcetgacce 2580
ggectcaagt cegtggagaa cgggtccggg gagagtgace gectgagcaa cgactccteg 2640
teggecgtgg gegacctgga gagccgeage gegggcagece ccegecctgte cgagtecteg 2700
tcetegecagg cectgtegee ggcccccage aatggtgaga gettcecegcte caagtceccceg 2760
ggectgggeyg ceccggagga gcocccaggaa atcccgetca agaccgagag gecggacage 2820
ccagecgeceg ccccegggcag cggaggegece cetggecgeg cgggcatcaa ggaggaggceyg 2880
ccettecagece tgctgttect gagcagggag cggggtaagt gtcccagcac tgtgtgtggt 2940
gtctgtggca agccttttge ttgcaagagce gcgttggaaa tceccactaccg cagccatact 3000
aaggagcggce cattcgtetg cgecgetetge aggcgagggt gctccactat gggtaattta 3060
aaacagcact tactgacaca cagattgaaa gagctgcctt ctcagttatt tgaccccaac 3120
tttgctctag gtcccageca aagcactcecct agectgatcet ccagcgceccge acccaccatg 3180



51

US 9,309,496 B2

52

-continued
atcaaaatgg aagtgaacgg tcacggcaag gccatggege tgggcgaggyg tccccegetg 3240
cecegegggeg tecaggtece cgccgggect cagacagtga tgggeccggyg cctggegece 3300
atgctggece ccccaccgeg ccggacgece aagcagcaca actgccagte gtgegggaag 3360
accttetect cggecagege cctgcagatce catgagegea cgcacaccgyg cgagaagccg 3420
ttecggetgca ccatctgegg cegggcectte accactaagg gcaacctcaa ggtgcacatg 3480
gggacacaca tgtggaataa cgcccccgeg agacgeggece gecgectgte tgtggagaac 3540
cccatggete tecctaggggg tgatgccctg aagttctetg aaatgttcca gaaggacctg 3600
gcagctcggg caatgaacgt cgaccccagt ttttggaacc agtatgctgc agccatcact 3660
aacgggcteg ccatgaagaa caacgagatc tccgtcatee agaacggegyg catcccccag 3720
ctcceegtga gtettggggg cagcgceccte cccectetgg gcagcatgge cagtgggatg 3780
gacaaagcac gcactggcag tagcccacce atcgtcaget tggacaaagce gagctcagaa 3840
acagcagcca gccgeccatt cacgceggttt atcgaggata acaaggagat tggtatcaac 3900
tagccagtga ctcgctcate tgccctgcecce aggcccacgt tttgaagttg gagcatcagg 3960
cctcecgaccet ttettgecte ggttetecatt acactttcac ccatagcaga aaacactttg 4020
tgcggetgee gagaggtggt cttgtaagcg ctgcatggeg ctcccttcaa cagcaagect 4080
gactgttcte gagaactctg caatctttta aataagcttc cttcaaaaaa aaaagtgctt 4140
ggaaaaccgce cttaggaaca gaaagagctc agaccatgtc cacttcecttt ctectgaaac 4200
ctaataatct ctccgaggga gaaaggggtt ctctgcggta ttccagtgaa actcatttga 4260
tggtttettt tgaattagtt agacacttga acggtgtttt ttagaactct tcatgttaaa 4320
gacgtggttt agtactccca atgctgtgta tcatgacact atcttcegtct gtagtattta 4380
tgatgttaag ataatgcggg taacagacaa tataatagcc ccgaccttaa acgaagcttt 4440
tgtactgcag aatacatctg gectgtgtgat tttttttttt aagcaagatt tgttttacta 4500
taaataagtg gattatttca atgcaggcaa aattgtgaag ttctgttggg aaagatagca 4560
tgcttttegt gtgcaagtac ctgtcagtaa taagcctttt tttttttttt ttttaattta 4620
aatgtttgta gctgctatgt ggacagttgt tttctagtgt ggtctgtage ccaataactg 4680
gggaacgagt tacagacaaa catcaccgta aatgactcac aacattataa acagttgtga 4740
gaaaatattt cacattatca aagctgtaca ataaa 4775
<210> SEQ ID NO 5
<211> LENGTH: 3162
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5
atgtcgaggce gcaagcaggc gaaaccccag cacatcaact cggaggagga ccagggcgag 60
cagcagccge agcagcagac cccggagttt geagatgegg cceccagegge gceccgeggceg 120
ggggagcetygyg gtgctccagt gaaccaccca gggaatgacg aggtggcegag tgaggatgaa 180
gccacagtaa ageggcetteg tcgggaggag acgcacgtcet gtgagaaatg ctgtgcggag 240
ttcttecagea tctetgagtt cctggaacat aagaaaaatt gcactaaaaa tccacctgte 300
ctcatcatga atgacagcga ggggcctgtg ccttcagaag acttcectceegyg agetgtactg 360
agccaccage ccaccagtcce cggcagtaag gactgtcaca gggagaatgg cggcagctca 420
gaggacatga aggagaagcc ggatgcggag tctgtggtgt acctaaagac agagacagec 480
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ctgccaccca ccccccagga cataagetat ttagccaaag gcaaagtgge caacactaat 540
gtgaccttge aggcactacg gggcaccaag gtggcggtga atcageggag cgcggatgea 600
cteectgece cegtgectgg tgccaacage atccegtggyg tectegagea gatcttgtgt 660
ctgcagcage agcagctaca gcagatccag ctcaccgage agatccgcat ccaggtgaac 720
atgtgggect cccacgecct ccactcaage ggggcagggyg ccgacactcet gaagaccttg 780
ggcagccaca tgtctcagca ggtttcectgca getgtggett tgctcageca gaaagctgga 840
agccaaggte tgtctetgga tgccttgaaa caagccaage tacctcacge caacatccct 900
tctgecacca gcteectgte cccagggetg geacccttea ctetgaagece ggatgggace 960
cgggtgctcece cgaacgtcat gtcccgecte ccgagcecgett tgcttectca ggccceccegggce 1020
tcggtgetet teccagageccecce tttcetcecact gtggcgcectag acacatccaa gaaagggaag 1080
gggaagccac cgaacatcte cgcggtggat gtcaaaccca aagacgaggce ggcecctctac 1140
aagcacaagt gtaagtactg tagcaaggtt tttgggactg atagctcctt gcagatccac 1200
ctececgetece acactggaga gagaccctte gtgtgctetg tectgtggtceca tegettcace 1260
accaagggca acctcaaggt gcactttcac cgacatccece aggtgaaggce aaacccccag 1320
ctgtttgcecg agttccagga caaagtggcg gccggcaatg gcatccccta tgcactcetet 1380
gtacctgacc ccatagatga accgagtctt tctttagaca gcaaacctgt ccttgtaacce 1440
acctctgtag ggctacctca gaatctttcet tcggggacta atcccaagga cctcacgggt 1500
ggctecttge ccggtgacct gcagectggg ccttcectceccag aaagtgaggg tggacccaca 1560
ctcecctgggg tgggaccaaa ctataattce ccaagggcetg gtggcttceca agggagtggg 1620
acccctgage cagggtcaga gaccctgaaa ttgcagcagt tggtggagaa cattgacaag 1680
gccaccactg atcccaacga atgtctcatt tgccaccgag tcecttaagetg tcagagcetcece 1740
ctcaagatgc attatcgcac ccacaccggg gagagaccgt tccagtgtaa gatctgtggce 1800
cgagcctttt ctaccaaagg taacctgaag acacaccttg gggttcaccg aaccaacaca 1860
tccattaaga cgcagcattc gtgccccatce tgccagaaga agttcactaa tgccgtgatg 1920
ctgcagcaac atattcggat gcacatgggc ggtcagattc ccaacacgcc cctgccagag 1980
aatccctgtg actttacggg ttectgagcca atgaccgtgg gtgagaacgg cagcaccggce 2040
gctatctgee atgatgatgt catcgaaagce atcgatgtag aggaagtcag ctcccaggag 2100
gctececcageca gctectceccaa ggtecccacg cctcettecca gecatccacte ggcatcaccce 2160
acgctagggt ttgccatgat ggcttcectta gatgccceccag ggaaagtggg tectgccect 2220
tttaacctgce agcgccaggg cagcagagaa aacggttcecg tggagagcga tggcttgacce 2280
aacgactcat cctcgctgat gggagaccag gagtatcaga gccgaagccce agatatcctg 2340
gaaaccacat cctteccagge actctcccceg gecaatagtce aagccgaaag catcaagtca 2400
aagtctcceg atgetgggag caaagcagag agetccgaga acagcecgcac tgagatggaa 2460
ggtcggagca gtctceecctte cacgtttatce cgagccccge cgacctatgt caaggttgaa 2520
gttcctggca catttgtggg accctcgaca ttgtccccag ggatgacccce tttgttagea 2580
geecagecac gecgacagge caagcaacat ggctgcacac ggtgtgggaa gaacttcteg 2640
tctgctageg ctcettcagat ccacgagcgg actcacactg gagagaagcece ttttgtgtgce 2700
aacatttgtg ggcgagcttt taccaccaaa ggcaacttaa aggttcacta catgacacac 2760
ggggcgaaca ataactcagce ccgecgtgga aggaagttgg ccatcgagaa caccatgget 2820
ctgttaggta cggacggaaa aagagtctca gaaatctttc ccaaggaaat cctggcccect 2880
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tcagtgaatg

gecgtgaaga

tCCttggggg

tcgggtatca

tttcctecact

tggaccctgt

ccaatgagat

ccaccteegt

gtgcagatgt

tcctggaaga

<210> SEQ ID NO 6
<211> LENGTH: 1851

<212> TYPE:

DNA

tgtgtggaac

ctctgtgate

tgtgaataac

ggaaaaacca

aaacaagatt

<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(337) .

. (337)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(421) .

. (421)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1317) .. (1317)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1326) ..(1326)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1331)..(1331)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1334)..(1334)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1367) ..(1367)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1805) .. (1805)

<223> OTHER INFORMATION: n is a,
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1838) ..(1838)

<223> OTHER INFORMATION: n is a,

<400> SEQUENCE: 6

atgtcgagge

cagcagccge

ggggagctgg

gccacagtaa

ttcttecagea

ctcatcatga

agccaccage

naggacataa

ctgccaccca

gtgaccttge

ctecectgece

ctgcagcage

gcaagcaggce

agcagcagac

gtgctccagt

agcggetteg

tctetgagtt

atgacagcga

ccaccagtee

aggagaagcc

ccececccagga

aggcactacg

cegtgectygyg

agcagctaca

gaaaccccag

cceggagttt

gaaccaccca

tegggaggag

cctggaacat

ggggectgtyg

cggcagtgag

ggatgceggag

cataagctat

gggcaccaag

tgccaacage

gcagatccag

cagtacacca gcatgctcaa

cagagtgggg gggttcctac

gccactgtet ccaagatgga

agtgctactyg acggcgttee

geggtcaget aa

cacatcaact cggaggagga

gcagatgegg ccccagegge

gggaatgacg aggtggcgag

acgcacgtct gtgagaaatg

aagaaaaatt gcactaaaaa

ccttcanaag acttcteegyg

gactgtcaca gggagaatgg

tctgtggtgt acctaaagac

ttagccaaag gcaaagtgge

gtggcggtga atcagcggag

atccegtggyg tectegagea

ctcaccgage agatccgeat

tggeggtetyg
ccteceggtt
tggcteccag

caaacaccag

ccagggcgag

geecgeggceg

tgaggatgaa

ctgtgcggag

tccacctgte

agctgtactg

cggcagetca

agagacagcc

caacactaac

cgcggatgea

gatcttgtgt

ccaggtgaac

2940

3000

3060

3120

3162

60

120

180

240

300

360

420

480

540

600

660

720
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atgtgggect cccacgecct ccactcaage ggggcagggyg ccgacactcet gaagaccttg 780
ggcagccaca tgtctcagca ggtttcectgca getgtggett tgctcageca gaaagctgga 840
agccaaggte tgtctetgga tgccttgaaa caagccaage tacctcacge caacatccct 900
tctgecacca gcteectgte cccagggetg geacccttea ctetgaagece ggatgggace 960
cgggtgctcece cgaacgtcat gtcccgecte ccgagcecgett tgcttectca ggccceccegggce 1020
tcggtgetet teccagageccecce tttcetcecact gtggcgcectag acacatccaa gaaagggaag 1080
gggaagccac cgaacatcte cgcggtggat gtcaaaccca aagacgaggce ggcecctctac 1140
aagcacaagt gtcggagcag tctcccttcee acgtttatcce gagccccgece gacctatgte 1200
aaggttgaag ttcctggcac atttgtggga ccctcgacat tgtccccagg gatgacccect 1260
ttgttagcag cccagccacg cggacaggcece aagcaacatyg gctgcacacyg gtgtggnaag 1320
aacttntcgt ntgntagcgce tcecttcagatce cacgagcgga ctcacantgg agagaagcct 1380
tttgtgtgca acatttgtgg gcgagctttt accaccaaag gcaacttaaa ggttcactac 1440
atgacacacg gggcgaacaa taactcagcec cgecgtggaa ggaagttgge catcgagaac 1500
accatggctce tgttaggtac ggacggaaaa agagtctcag aaatctttcce caaggaaatc 1560
ctggccectt cagtgaatgt ggaccctgtt gtgtggaacc agtacaccag catgctcaat 1620
ggcggtctgg ccgtgaagac caatgagatc tcectgtgatcec agagtggggg ggttectacce 1680
ctcceggttt cecttggggge cacctcecgtt gtgaataacg ccactgtcte caagatggat 1740
ggctcecccagt cgggtatcag tgcagatgtg gaaaaaccaa gtgctactga cggcgttecce 1800
aaacnccagt ttcctcactt cctggaagaa aacaagantg cggtcagcta a 1851

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 7
H: 1320
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Met Ser Arg
1

Glu Val Ala
Pro Ser Arg
35

Cys Ala Glu
50

Cys Thr Lys
65

Pro Pro Glu

Gln Met Asn
Leu Ser Glu
115

Ala Pro Val
130

Ser Ser Thr
145

Gly Gly Gly

Arg Lys Gln Ala Lys

5

Ser Leu Pro Arg Arg

20

Pro Thr Lys Ser Lys

40

Phe Phe Glu Leu Ser

55

Asn Gln Leu Val Leu

70

Thr Phe Ser Pro Ser

85

Asp Thr Val Asn Lys

100

His Asn Gly Leu Asp

120

Ala Asn Lys Ser Gly

135

Ala Pro Ser Ser Ser
150

Ser Ser Ser Thr Gly

165

Pro

Asp

25

Asp

Asp

Ile

Pro

Thr

105

Arg

Ser

Ser

Thr

Gln

10

Gly

Ala

Leu

Val

Pro

90

Asp

Glu

Gly

Ser

Ser
170

His

Asp

His

Leu

Asn

75

Pro

Gln

Glu

Thr

Ser

155

Ala

Phe Gln Ser
Thr Glu Lys
30

Val Cys Gly
45

Leu His Lys
60

Glu Asn Pro

Asp Asn Pro

Val Asp Cys
110

Ser Met Glu
125

Ser Ser Gly
140

Ser Ser Ser

Ile Thr Thr

Asp Pro

Gly Gln

Arg Cys

Lys Asn

Ala Ser

80

Asp Glu
95

Ser Asp

Val Glu

Ser His

Ser Gly

160

Ser Leu
175
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Pro

Ser

Gln

Ala

225

Ile

Leu

Gly

Leu

Ser

305

Leu

Ser

Ser

Ala

Ser

385

Asn

Gln
465
Ile

Gln

Gly

Lys

545

Pro

Pro

Ser

Gln

Asn

Phe

210

Val

His

Ala

Thr

Ser

290

Gln

Pro

Ser

Glu

Val

370

Pro

Phe

Ser

Thr

Lys

450

Ile

Cys

Arg

Pro

Met

530

Pro

Thr

Ile

Asp

Leu

Val

195

Ser

Pro

Gln

Ser

Leu

275

Gln

Ser

Gln

Pro

Lys

355

Ser

Ala

Pro

Leu

Ala

435

Cys

His

Gly

His

Glu

515

Ser

Val

Leu

Pro

Ser

Gly

180

Ile

Gln

Ala

Leu

Gln

260

Arg

Gln

Ala

Ser

Asn

340

Val

Ser

Ser

Ser

Ser

420

Phe

Arg

Leu

Asn

Lys

500

His

Ile

Leu

Pro

Ile
580

Gly

Asp

Ile

Glu

Leu

Gln

245

Asn

Thr

Leu

Ser

Ser

325

Met

Ala

Ser

Asn

Pro

405

Ala

Glu

Phe

Arg

Arg

485

Glu

Leu

Pro

Pro

Ser
565

Ser

Gly

Leu

Glu

Ala

Met

230

Leu

Ala

Ser

Ala

Ile

310

Ser

Asn

Ser

Ser

Pro

390

Leu

Leu

Ala

Cys

Ser

470

Phe

Lys

Asp

Pro

Thr

550

Leu

His

Pro

Thr

Asn

Arg

215

Glu

Ile

Asp

Ala

Ala

295

Ser

Gly

Ile

Ser

Ser

375

Leu

Pro

Ala

Lys

Ala

455

His

Ser

Tyr

Asn

Glu

535

Leu

Ile

Ser

Glu

Thr

Leu

200

Cys

Gln

Glu

Leu

Asn

280

Ala

Gly

Asn

Leu

Ala

360

Pro

Leu

Asn

Gln

Ser

440

Lys

Thr

Thr

Pro

Ile

520

Lys

Thr

Pro

Ala

Ser

Leu

185

Gln

Gly

Leu

Gln

Pro

265

Pro

Ala

Val

Thr

Ala

345

Gly

Ala

Pro

Ile

Gln

425

Thr

Val

Gly

Lys

His

505

Pro

Pro

Thr

Phe

Thr
585

Ala

Gly

Ser

Gly

Leu

Ile

250

Thr

Leu

Gly

Lys

Ile

330

Ala

Ala

Phe

Gln

Gly

410

Arg

Ser

Phe

Glu

Gly

490

Ile

Thr

Val

Ser

Ile
570

Ser

Thr

Asn

Thr

Ala

Ala

235

Arg

Ser

Ser

Leu

Gln

315

Ile

Ala

Ser

Ala

Gln

395

Thr

Lys

Asp

Gly

Arg

475

Asn

Gln

Ser

Thr

Val
555
Lys

Pro

Arg

Phe

Lys

Ser

220

Leu

His

Ser

Thr

Ala

300

Leu

Pro

Val

His

Ile

380

Ala

Thr

Ser

Glu

Ser

460

Pro

Leu

Met

Thr

Ser

540

Gly

Thr

Pro

Asn

Ser

Val

205

Gly

Gln

Gln

Ser

Leu

285

Gln

Pro

Ser

Thr

Val

365

Ser

Ser

Ala

Lys

Ala

445

Asp

Phe

Lys

Asn

Gly

525

Trp

Leu

Glu

Gly

Leu

Val

190

Ala

Gly

Gln

Ile

Pro

270

Ser

Ser

Pro

Asn

Thr

350

Ser

Ser

Ala

Glu

Pro

430

Phe

Ser

Lys

Val

Pro

510

Ile

Leu

Pro

Glu

Ser
590

Gly

Ile

Val

Lys

Gln

Leu

255

Ser

Ser

Leu

Ile

Ser

335

Pro

Asn

Leu

Asn

Asp

415

Pro

Phe

Ala

Cys

His

495

Tyr

Pro

Asp

Leu

Pro
575

Val

Gly

Asn

Ala

Leu

Gln

240

Leu

Gln

His

Ala

Gln

320

Gly

Ser

Pro

Leu

Ser

400

Leu

Asn

Lys

Leu

Asn

480

Phe

Pro

Tyr

Thr

Pro
560
Ala

Lys

Leu
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Pro

Glu

625

Thr

Lys

Ser

Pro

705

Leu

Lys

Tyr

Pro

Ile

785

Ser

Asn

Pro

Asp

Ala

865

Leu

Ser

Leu

Glu

945

Ser

Ala

Arg

Thr

Glu

610

Glu

Leu

Phe

Phe

Lys

690

Asn

Lys

Ile

Ser

Ile

770

Arg

Tyr

Phe

Glu

Ser

850

Leu

Gln

Leu

Ala

Ser

930

Glu

Pro

Glu

Asp

Phe
1010

595

Glu

Ser

Ser

Thr

Pro

675

Leu

Glu

Met

Cys

Val

755

Cys

Met

Ser

Asp

Gly

835

Leu

Glu

Ala

Thr

Gly

915

Pro

Lys

Thr

Lys

Arg
995

Ala Cys Gln Ser Ala

Ala

Gly

Ser

Asn

660

Phe

Gln

Cys

His

Gly

740

His

Gln

His

Glu

Asp

820

Ser

Ser

Asn

Ser

Asn

900

Ser

Ser

Pro

Pro

Ile
980

Gly

Glu

Met

Pro

645

Pro

Gly

Gln

Ile

Tyr

725

Arg

Arg

Lys

Met

Ser

805

Leu

Ile

Ser

Gln

Leu

885

Asp

Pro

Asn

Gln

Val
965

Ile

Lys

Gly

Val

630

Ala

Leu

Gly

Leu

Ile

710

Arg

Ala

Ala

Lys

Gly

790

Met

Asp

Pro

Ser

Met

870

Lys

Ser

Ala

Ser

Arg

950

Asn

Lys

Phe

Ser

615

Thr

Ala

Leu

Leu

Val

695

Cys

Thr

Phe

Met

Phe

775

Gly

Glu

Asn

Asp

Pro

855

Lys

Ser

Ser

Ile

Thr

935

Ala

Gly

Glu

Lys

600

Thr

Asn

Asp

Pro

Leu

680

Glu

His

His

Thr

Pro

760

Thr

Gln

Ser

Phe

Thr

840

Leu

Met

Val

Ser

Ser

920

Gln

Val

Gly

Asp

Asn
1000

Leu

Ser

Cys

Leu

665

Asp

Asn

Arg

Thr

Thr

745

Pro

Asn

Ile

Asp

Ser

825

Pro

Pro

Ile

Glu

Val

905

Glu

Glu

Pro

Ala

Ser
985

Thr Ala Cys Asp Ile

Pro

Val

Gly

650

Met

Ser

Ile

Val

Gly

730

Lys

Leu

Ala

Pro

Thr

810

Asp

Lys

Leu

Asn

Asn

890

Gly

Ser

Phe

Ser

Leu
970

Leu

Pro

Pro

635

Pro

Ser

Ala

Asp

Leu

715

Glu

Gly

Arg

Val

Asn

795

Gly

Glu

Ser

Glu

Ala

875

Gly

Gly

Thr

His

Glu
955

Asp

Gly

Ser

620

Thr

Ala

Glu

Gln

Lys

700

Ser

Arg

Asn

Val

Val

780

Thr

Ser

Asn

Ala

Met

860

Gly

Ser

Asp

Ser

Lys

940

Phe

Leu

Ile

605

Gly

Ala

Gly

Gln

Ala

685

Lys

Cys

Pro

Leu

Gln

765

Leu

Pro

Phe

Met

Asp

845

Ser

Leu

Ile

Met

Ser

925

Ser

Ala

Thr

Leu

Gly

Ser

Ser

Phe

670

Ser

Ala

Gln

Phe

Lys

750

His

Gln

Val

Asp

Glu

830

Ala

Ser

Ala

Glu

Glu

910

Met

Pro

Asn

Ser

Phe
990

Cys Gly Lys

1005

Leu Asp Ile His Tyr

1015

1020

Lys

Ser

Ala

655

Lys

Glu

Thr

Ser

Lys

735

Thr

Ser

Gln

Pro

Glu

815

Asp

Ser

Ile

Glu

Gly

895

Ser

Gln

Ser

Gly

Ser
975

Pro

Ser

Ser

640

Thr

Ala

Thr

Asp

Ala

720

Cys

His

Cys

His

Asp

800

Lys

Cys

Gln

Ala

Gln

880

Asp

Gln

Ala

Ile

Leu
960

His

Phe

Arg Ser His
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-continued

Thr Lys Glu Arg Pro Phe Ile Cys Thr Val Cys Asn Arg Gly Phe
1025 1030 1035

Ser Thr Lys Gly Asn Leu Lys Gln His Met Leu Thr His Gln Met
1040 1045 1050

Arg Asp Leu Pro Ser Gln Leu Phe Glu Pro Ser Ser Asn Leu Gly
1055 1060 1065

Pro Asn Gln Asn Ser Ala Val Ile Pro Ala Asn Ser Leu Ser Ser
1070 1075 1080

Leu Ile Lys Thr Glu Val Asn Gly Phe Val His Val Ser Pro Gln
1085 1090 1095

Asp Ser Lys Asp Thr Pro Thr Ser His Val Pro Ser Gly Pro Leu
1100 1105 1110

Ser Ser Ser Ala Thr Ser Pro Val Leu Leu Pro Ala Leu Pro Arg
1115 1120 1125

Arg Thr Pro Lys Gln His Tyr Cys Asn Thr Cys Gly Lys Thr Phe
1130 1135 1140

Ser Ser Ser Ser Ala Leu Gln Ile His Glu Arg Thr His Thr Gly
1145 1150 1155

Glu Lys Pro Phe Ala Cys Thr Ile Cys Gly Arg Ala Phe Thr Thr
1160 1165 1170

Lys Gly Asn Leu Lys Val His Met Gly Thr His Met Trp Asn Ser
1175 1180 1185

Thr Pro Ala Arg Arg Gly Arg Arg Leu Ser Val Asp Gly Pro Met
1190 1195 1200

Thr Phe Leu Gly Gly Asn Pro Val Lys Phe Pro Glu Met Phe Gln
1205 1210 1215

Lys Asp Leu Ala Ala Arg Ser Gly Ser Gly Asp Pro Ser Ser Phe
1220 1225 1230

Trp Asn Gln Tyr Ala Ala Ala Leu Ser Asn Gly Leu Ala Met Lys
1235 1240 1245

Ala Asn Glu Ile Ser Val Ile Gln Asn Gly Gly Ile Pro Pro Ile
1250 1255 1260

Pro Gly Ser Leu Gly Ser Gly Asn Ser Ser Pro Val Ser Gly Leu
1265 1270 1275

Thr Gly Asn Leu Glu Arg Leu Gln Asn Ser Glu Pro Asn Ala Pro
1280 1285 1290

Leu Ala Gly Leu Glu Lys Met Ala Ser Ser Glu Asn Gly Thr Asn
1295 1300 1305

Phe Arg Phe Thr Arg Phe Val Glu Asp Ser Lys Glu
1310 1315 1320

<210> SEQ ID NO 8

<211> LENGTH: 1227

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Asn Asp Thr Val Asn Lys Thr Asp Gln Val Asp Cys Ser Asp Leu
1 5 10 15

Ser Glu His Asn Gly Leu Asp Arg Glu Glu Ser Met Glu Val Glu Ala
20 25 30

Pro Val Ala Asn Lys Ser Gly Ser Gly Thr Ser Ser Gly Ser His Ser
35 40 45

Ser Thr Ala Pro Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Gly Gly
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-continued

66

Gly
65
Gln

Asn

Phe

His

145

Ala

Thr

Ser

Gln

Pro

225

Ser

Glu

Pro

Phe

305

Ser

Thr

Lys

Ile

Cys

385

Arg

Pro

Met

Pro

Thr
465

50

Gly

Leu

Val

Ser

Pro

130

Gln

Ser

Leu

Gln

Ser

210

Gln

Pro

Lys

Ser

Ala

290

Pro

Leu

Ala

Cys

His

370

Gly

His

Glu

Ser

Val
450

Leu

Ser

Gly

Ile

Gln

115

Ala

Leu

Gln

Arg

Gln

195

Ala

Ser

Asn

Val

Ser

275

Ser

Ser

Ser

Phe

Arg

355

Leu

Asn

Lys

His

Ile
435

Leu

Pro

Ser

Asp

Ile

100

Glu

Leu

Gln

Asn

Thr

180

Leu

Ser

Ser

Met

Ala

260

Ser

Asn

Pro

Ala

Glu

340

Phe

Arg

Arg

Glu

Leu

420

Pro

Pro

Ser

Ser

Leu

85

Glu

Ala

Met

Leu

Ala

165

Ser

Ala

Ile

Ser

Asn

245

Ser

Ser

Pro

Leu

Leu

325

Ala

Cys

Ser

Phe

Lys

405

Asp

Pro

Thr

Leu

Thr

70

Thr

Asn

Arg

Glu

Ile

150

Asp

Ala

Ala

Ser

Gly

230

Ile

Ser

Ser

Leu

Pro

310

Ala

Lys

Ala

His

Ser

390

Tyr

Asn

Glu

Leu

Ile
470

55

Gly

Thr

Leu

Cys

Gln

135

Glu

Leu

Asn

Ala

Gly

215

Asn

Leu

Ala

Pro

Leu

295

Asn

Gln

Ser

Lys

Thr

375

Thr

Pro

Ile

Lys

Thr
455

Pro

Thr

Leu

Gln

Gly

120

Leu

Gln

Pro

Pro

Ala

200

Val

Thr

Ala

Gly

Ala

280

Pro

Ile

Gln

Thr

Val

360

Gly

Lys

His

Pro

Pro
440

Thr

Phe

Ser

Gly

Ser

105

Gly

Leu

Ile

Thr

Leu

185

Gly

Lys

Ile

Ala

Ala

265

Phe

Gln

Gly

Arg

Ser

345

Phe

Glu

Gly

Ile

Thr
425
Val

Ser

Ile

Ala

Asn

90

Thr

Ala

Ala

Arg

Ser

170

Ser

Leu

Gln

Ile

Ala

250

Ser

Ala

Gln

Thr

Lys

330

Asp

Gly

Arg

Asn

Gln

410

Ser

Thr

Val

Lys

Ile

75

Phe

Lys

Ser

Leu

His

155

Ser

Thr

Ala

Leu

Pro

235

Val

His

Ile

Ala

Thr

315

Ser

Glu

Ser

Pro

Leu

395

Met

Thr

Ser

Gly

Thr
475

60

Thr

Ser

Val

Gly

Gln

140

Gln

Ser

Leu

Gln

Pro

220

Ser

Thr

Val

Ser

Ser

300

Ala

Lys

Ala

Asp

Phe

380

Lys

Asn

Gly

Trp

Leu
460

Glu

Thr

Val

Ala

Gly

125

Gln

Ile

Pro

Ser

Ser

205

Pro

Asn

Thr

Ser

Ser

285

Ala

Glu

Pro

Phe

Ser

365

Lys

Val

Pro

Ile

Leu
445

Pro

Glu

Ser

Ile

Val

110

Lys

Gln

Leu

Ser

Ser

190

Leu

Ile

Ser

Pro

Asn

270

Leu

Asn

Asp

Pro

Phe

350

Ala

Cys

His

Tyr

Pro

430

Asp

Leu

Pro

Leu

Asn

95

Ala

Leu

Gln

Leu

Gln

175

His

Ala

Gln

Gly

Ser

255

Pro

Leu

Ser

Leu

Asn

335

Lys

Leu

Asn

Phe

Pro

415

Tyr

Thr

Pro

Ala

Pro

80

Ser

Gln

Ala

Ile

Leu

160

Gly

Leu

Ser

Leu

Ser

240

Ser

Ala

Ser

Val

Asn

320

Val

His

Gln

Ile

Gln

400

Val

Gly

Lys

Pro

Pro
480
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68

Ile

Asp

Glu

Glu

Leu

545

Phe

Phe

Lys

Asn

Lys

625

Ile

Ser

Ile

Arg

Tyr

705

Phe

Glu

Ser

Leu

Gln

785

Leu

Ala

Ser

Glu

Pro

865

Glu

Pro

Ser

Glu

Ser

530

Ser

Thr

Pro

Leu

Glu

610

Met

Cys

Val

Cys

Met

690

Ser

Asp

Gly

Leu

Glu

770

Ala

Thr

Gly

Pro

Lys
850

Thr

Lys

Ile

Gly

Ala

515

Gly

Ser

Asn

Phe

Gln

595

Cys

His

Gly

His

Gln

675

His

Glu

Asp

Ser

Ser

755

Asn

Ser

Asn

Ser

Ser
835
Pro

Pro

Ile

Ser

Gly

500

Glu

Met

Pro

Pro

Gly

580

Gln

Ile

Tyr

Arg

Arg

660

Lys

Met

Ser

Leu

Ile

740

Ser

Gln

Leu

Asp

Pro

820

Asn

Gln

Val

Ile

His

485

Pro

Gly

Val

Ala

Leu

565

Gly

Leu

Ile

Arg

Ala

645

Ala

Lys

Gly

Met

Asp

725

Pro

Ser

Met

Lys

Ser

805

Ala

Ser

Arg

Asn

Lys
885

Ser

Glu

Ser

Thr

Ala

550

Leu

Leu

Val

Cys

Thr

630

Phe

Met

Phe

Gly

Glu

710

Asn

Asp

Pro

Lys

Ser

790

Ser

Ile

Thr

Ala

Gly

870

Glu

Ala

Ser

Thr

Asn

535

Asp

Pro

Leu

Glu

His

615

His

Thr

Pro

Thr

Gln

695

Ser

Phe

Thr

Leu

Met

775

Val

Ser

Ser

Gln

Val
855

Gly

Asp

Thr

Ala

Leu

520

Ser

Cys

Leu

Asp

Asn

600

Arg

Thr

Thr

Pro

Asn

680

Ile

Asp

Ser

Pro

Pro

760

Ile

Glu

Val

Glu

Glu

840

Pro

Ala

Ser

Ser

Thr

505

Pro

Val

Gly

Met

Ser

585

Ile

Val

Gly

Lys

Leu

665

Ala

Pro

Thr

Asp

Lys

745

Leu

Asn

Asn

Gly

Ser

825

Phe

Ser

Leu

Leu

Pro

490

Arg

Pro

Pro

Pro

Ser

570

Ala

Asp

Leu

Glu

Gly

650

Arg

Val

Asn

Gly

Glu

730

Ser

Glu

Ala

Gly

Gly

810

Thr

His

Glu

Asp

Gly
890

Pro

Asn

Ser

Thr

Ala

555

Glu

Gln

Lys

Ser

Arg

635

Asn

Val

Val

Thr

Ser

715

Asn

Ala

Met

Gly

Ser

795

Asp

Ser

Lys

Phe

Leu
875

Ile

Gly

Leu

Gly

Ala

540

Gly

Gln

Ala

Lys

Cys

620

Pro

Leu

Gln

Leu

Pro

700

Phe

Met

Asp

Ser

Leu

780

Ile

Met

Ser

Ser

Ala
860

Thr

Leu

Ser

Gly

Gly

525

Ser

Ser

Phe

Ser

Ala

605

Gln

Phe

Lys

His

Gln

685

Val

Asp

Glu

Ala

Ser

765

Ala

Glu

Glu

Met

Pro
845
Asn

Ser

Phe

Val

Gly

510

Lys

Ser

Ala

Lys

Glu

590

Thr

Ser

Lys

Thr

Ser

670

Gln

Pro

Glu

Asp

Ser

750

Ile

Glu

Gly

Ser

Gln

830

Ser

Gly

Ser

Pro

Lys

495

Leu

Ser

Ser

Thr

Ala

575

Thr

Asp

Ala

Cys

His

655

Cys

His

Asp

Lys

Cys

735

Gln

Ala

Gln

Asp

Gln

815

Ala

Ile

Leu

His

Phe
895

Ser

Pro

Glu

Val

Thr

560

Lys

Ser

Pro

Leu

Lys

640

Tyr

Pro

Ile

Ser

Asn

720

Pro

Asp

Ala

Leu

Val

800

Ser

Leu

Glu

Ser

Ala

880

Arg
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-continued

Asp Arg Gly Lys Phe Lys Asn Thr Ala Cys Asp Ile Cys Gly Lys Thr
900 905 910

Phe Ala Cys Gln Ser Ala Leu Asp Ile His Tyr Arg Ser His Thr Lys
915 920 925

Glu Arg Pro Phe Ile Cys Thr Val Cys Asn Arg Gly Phe Ser Thr Lys
930 935 940

Gly Asn Leu Lys Gln His Met Leu Thr His Gln Met Arg Asp Leu Pro
945 950 955 960

Ser Gln Leu Phe Glu Pro Ser Ser Asn Leu Gly Pro Asn Gln Asn Ser
965 970 975

Ala Val Ile Pro Ala Asn Ser Leu Ser Ser Leu Ile Lys Thr Glu Val
980 985 990

Asn Gly Phe Val His Val Ser Pro Gln Asp Ser Lys Asp Thr Pro Thr
995 1000 1005

Ser His Val Pro Ser Gly Pro Leu Ser Ser Ser Ala Thr Ser Pro
1010 1015 1020

Val Leu Leu Pro Ala Leu Pro Arg Arg Thr Pro Lys Gln His Tyr
1025 1030 1035

Cys Asn Thr Cys Gly Lys Thr Phe Ser Ser Ser Ser Ala Leu Gln
1040 1045 1050

Ile His Glu Arg Thr His Thr Gly Glu Lys Pro Phe Ala Cys Thr
1055 1060 1065

Ile Cys Gly Arg Ala Phe Thr Thr Lys Gly Asn Leu Lys Val His
1070 1075 1080

Met Gly Thr His Met Trp Asn Ser Thr Pro Ala Arg Arg Gly Arg
1085 1090 1095

Arg Leu Ser Val Asp Gly Pro Met Thr Phe Leu Gly Gly Asn Pro
1100 1105 1110

Val Lys Phe Pro Glu Met Phe Gln Lys Asp Leu Ala Ala Arg Ser
1115 1120 1125

Gly Ser Gly Asp Pro Ser Ser Phe Trp Asn Gln Tyr Ala Ala Ala
1130 1135 1140

Leu Ser Asn Gly Leu Ala Met Lys Ala Asn Glu Ile Ser Val Ile
1145 1150 1155

Gln Asn Gly Gly Ile Pro Pro Ile Pro Gly Ser Leu Gly Ser Gly
1160 1165 1170

Asn Ser Ser Pro Val Ser Gly Leu Thr Gly Asn Leu Glu Arg Leu
1175 1180 1185

Gln Asn Ser Glu Pro Asn Ala Pro Leu Ala Gly Leu Glu Lys Met
1190 1195 1200

Ala Ser Ser Glu Asn Gly Thr Asn Phe Arg Phe Thr Arg Phe Val
1205 1210 1215

Glu Asp Ser Lys Glu Ile Val Thr Ser
1220 1225

<210> SEQ ID NO 9

<211> LENGTH: 1007

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Met Ser Arg Arg Lys Gln Arg Lys Pro Gln Gln Leu Ile Ser Asp Cys
1 5 10 15

Glu Gly Pro Ser Ala Ser Glu Asn Gly Asp Ala Ser Glu Glu Asp His
20 25 30
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72

Pro

Phe

Ile

65

Pro

Ser

Gly

Ala

Pro

145

Pro

Leu

Gln

Leu

Glu

225

Leu

Ser

Ala

Ala

Ala

305

Phe

Arg

Gly

Pro

Asp
385

Tyr

Lys

Gln

Leu

50

Ile

Arg

Asn

Pro

Thr

130

Lys

Pro

Asn

Ile

Leu

210

Leu

Phe

Ser

Phe

Gly

290

Leu

Pro

Gly

Ser

Gly

370

Ser

Lys

Val

Pro

Val

Ala

Gly

Pro

Pro

Glu

115

Gly

Leu

Pro

Ile

His

195

Gly

Pro

Ser

Ser

Phe

275

Gly

Pro

Ser

Leu

Gly

355

Gly

Ala

Cys

His

His
435

Cys

His

Gly

Glu

Pro

100

Arg

Thr

Gly

Pro

Pro

180

Gln

Ser

Gly

Pro

Ser

260

His

Val

Gly

Thr

Glu

340

Glu

Arg

Leu

Asn

Phe
420

Pro

Ala

Gln

Gln

Gly

85

Asp

Arg

Ala

Ala

Pro

165

Leu

Met

Leu

Thr

Ile

245

Ser

Leu

Gly

Ser

Thr

325

Ala

Leu

His

Gln

Val
405

His

Val

Lys

Asn

Glu

70

His

Ser

Gly

Ala

Thr

150

Pro

Ile

Gln

Gly

Gly

230

Lys

Ser

Tyr

Arg

Thr

310

Gly

Thr

Ser

Lys

Ile
390
Cys

Arg

Pro

Cys

Ala

55

Asn

Asn

Gly

Glu

Gly

135

Pro

Pro

Leu

Met

Gln

215

Thr

Pro

Ser

His

Ser

295

Asp

Leu

Ala

Tyr

Cys

375

His

Gly

His

Glu

Cys

40

Cys

Pro

Asn

Ser

Glu

120

Gly

Leu

Pro

Glu

Thr

200

Thr

Ala

Val

Ser

Pro

280

His

Gln

Leu

Ser

Gly

360

Arg

Leu

Asn

Arg

His
440

Ala

Ser

Asn

Pro

Ser

105

Ser

Gly

Pro

Pro

Glu

185

Glu

Val

Ser

Gln

Ser

265

Leu

Lys

Leu

Ala

Pro

345

Glu

Phe

Arg

Arg

Glu

425

Leu

Gln

Thr

Asn

Gln

90

Val

Pro

Gly

Pro

Pro

170

Leu

Gln

Gly

Ser

Thr

250

Gly

Gly

Pro

Ile

Ala

330

Gly

Val

Cys

Ser

Phe
410

Lys

Asp

Phe

Asp

Ser

75

Val

Pro

Gly

Gly

Glu

155

Gly

Arg

Ile

Ala

Thr

235

Ser

Ala

Ser

Thr

Ala

315

Gln

Leu

Met

Ala

His
395
Thr

Tyr

Tyr

Thr

Pro

60

Ser

Met

Thr

His

Leu

140

Ser

Val

Val

Cys

Pro

220

Lys

Lys

Glu

Gln

Pro

300

Ser

Cys

Leu

Gly

Lys

380

Thr

Thr

Pro

Val

Asp

45

Pro

Ala

Asp

Asp

Phe

125

Ile

Thr

Gly

Leu

Arg

205

Ala

Pro

Thr

Thr

His

285

Ala

Pro

Leu

Lys

Pro

365

Val

Gly

Arg

His

Ile
445

Pro

Val

Ser

Thr

Pro

110

Leu

Leu

Pro

Ser

Gln

190

Gln

Ser

Leu

Leu

Pro

270

Pro

Pro

His

Gly

Pro

350

Leu

Phe

Glu

Gly

Val

430

Thr

Thr

Met

Ser

Glu

95

Thr

Val

Ala

Ala

Gly

175

Gln

Val

Pro

Leu

Ala

255

Lys

Phe

Ser

Leu

Ala

335

Lys

Glu

Gly

Arg

Asn
415

Gln

Ser

Glu

Val

Glu

80

His

Trp

Ala

Ser

Pro

160

His

Arg

Leu

Ser

Pro

240

Ser

Gln

Ser

Pro

Ala

320

Ala

Asn

Lys

Ser

Pro

400

Leu

Met

Ser



73

US 9,309,496 B2

-continued

74

Gly

Ala

465

Thr

Ala

Leu

Pro

Ala

545

Ala

Tyr

Gln

Ser

Ser

625

Ser

Arg

Asn

Ala

Thr

705

Gly

Ser

Ser

Glu

Gly

785

Asp

Ala

Gln

Pro

Glu

Leu

450

Ala

Thr

Gly

Met

Gly

530

Thr

Leu

Val

Gln

Ala

610

Ala

Cys

Pro

Leu

Gln

690

Leu

Gly

Glu

Gln

Asp

770

Arg

Ser

Ala

Gln

Gln
850

Gly

Pro

Thr

Ala

Thr

Lys

515

Ser

Arg

Leu

Leu

Leu

595

Ala

Ser

Pro

Phe

Arg

675

Asn

Gln

Thr

Gln

Gln

755

Glu

Gly

Glu

Ala

Ser
835

Pro

Gly

Tyr

Pro

Leu

Ala

500

Ala

Glu

Met

Thr

Glu

580

Val

Ser

Ser

Arg

Lys

660

Ala

Ser

Gln

Ala

Ser

740

Pro

Glu

Ser

Glu

Thr

820

Ser

Met

Lys

Gly

Gly

Ser

485

Thr

Val

Gly

Gln

Asn

565

Pro

Glu

Gly

Gly

Ala

645

Cys

His

Cys

His

Leu

725

Thr

Ser

Glu

Glu

Ala

805

Ala

Leu

Glu

Pro

Met

Gly

470

Ala

Ala

Glu

Ser

Leu

550

His

Leu

Lys

Ala

Pro

630

Leu

Lys

Phe

Pro

Val

710

Pro

Val

Pro

Glu

Ser

790

Ser

Gly

Pro

Gln

Glu

Ser

455

Gly

Thr

Pro

Pro

Ala

535

Ser

Phe

Gly

Ile

Pro

615

Asn

Arg

Val

Val

Ile

695

Arg

Glu

Ser

Glu

Glu

775

Gly

Gly

Lys

Pro

Gly
855

Arg

Val

Val

Glu

Gly

Lys

520

Ile

Lys

Lys

Ala

Asp

600

Thr

Gln

Leu

Cys

Gly

680

Cys

Met

Gly

Gly

Glu

760

Asp

Gly

Ala

Glu

Pro
840

Ser

Ser

Pro

Glu

Ser

Leu

505

Asn

Ser

Leu

Ser

Ser

585

Arg

Thr

Cys

His

Gly

665

His

Gln

His

Gly

Ala

745

Glu

Val

Glu

Glu

Met
825
Pro

Ser

Ser

Pro

Arg

Leu

490

Pro

Lys

Gly

Val

Thr

570

Pro

Gln

Ser

Val

Tyr

650

Arg

Lys

Lys

Leu

Gly

730

Gly

Leu

Thr

Lys

Glu

810

Asp

Pro

Gly

Ser

Glu

Lys

475

Thr

Ala

Ala

Val

Thr

555

Gly

Ser

Gly

Ala

Ile

635

Gly

Ala

Ala

Lys

Gly

715

Ala

Ser

Ser

Asp

Ala

795

Glu

Ser

Pro

Val

Pro

Lys

460

Pro

Leu

Phe

Asp

Ala

540

Ser

Ser

Glu

Ala

Pro

620

Cys

Gln

Phe

Ser

Phe

700

Gly

Ala

Phe

Glu

Glu

780

Ile

Val

Asn

Asp

Leu
860

Ala

Ala

Leu

Leu

Asn

Glu

525

Glu

Leu

Phe

Thr

Val

605

Ala

Leu

His

Ser

Pro

685

Thr

Gln

Gln

Pro

Glu

765

Asp

Ser

Gly

Glu

Ser
845

Gly

Ser

Glu

Val

Ser

Lys

510

Asn

Ser

Pro

Pro

Ser

590

Ala

Pro

Arg

Gly

Thr

670

Ala

Asn

Ile

Glu

Gln

750

Glu

Ser

Val

Thr

Lys
830
Leu

Gly

Ala

Glu

Ala

Thr

495

Phe

Thr

Ser

Ser

Phe

575

Lys

Val

Ser

Val

Gly

655

Arg

Ala

Ala

Pro

Asn

735

Gln

Glu

Leu

Arg

Val

815

Thr

Asp

Lys

Leu

Glu

Ser

480

Ser

Val

Pro

Thr

Trp

560

Pro

Leu

Thr

Ser

Leu

640

Glu

Gly

Arg

Val

Asn

720

Gly

Gln

Glu

Ala

Gly

800

Ala

Thr

Gln

Glu

Thr
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-continued

76

865

Pro

Gln

Cys

Cys
945
Leu

Ile

Thr

<210>
<211>
<212>
<213>

<400>

Glu

Glu

Glu

Gln

930

Arg

Ala

Ala

Gly

Gly

Ala

Val

915

Lys

Gln

His

Ala

Leu
995

Met Ser Arg

1

Glu

Gly

Glu

Asp

Ile

Pro

Glu

Lys

Pro

145

Ala

Ala

Ala

Leu

Gln
225

Leu

Ala

Thr

50

Phe

Val

Ser

Glu

Glu

130

Arg

Pro

Val

Gly

Met

210

Ile

Leu

Glu

35

Ser

Leu

His

Pro

Ala

115

Ala

Pro

Ser

Ala

Gly
195

Ala

Arg

Glu

Met

900

Cys

Thr

Gly

His

Leu

980

Ser

PRT

SEQUENCE :

Arg

Pro

20

Asp

Val

Glu

Glu

Ala

100

Gly

Glu

Pro

Thr

Gln

180

Gly

Leu

Ser

870

Ala Thr
885

Arg Lys

Gly Gln

His Pro

Phe Leu

950

Gln Val
965

Ser Leu

Pro Phe

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Homo sapiens

1300

10

Lys Gln

Pro Asp

Ala Asp

Cys Glu

His Gln

70

Asp Ala
85

Ser Ser

Ala Glu

Pro Met

Pro Ala

150

Asn Val

165

Phe Ser

Val Ala

Gln Gln

Gln Val
230

Ser

Glu

Ala

Lys

935

Glu

Gln

Val

Pro

Ala

Gly

Ser

Lys

55

Arg

Pro

Pro

Gly

Asp

135

Ala

Thr

Gln

Ala

Gln

215

Ala

Val

Pro

Phe

920

Glu

Arg

Pro

Pro

Arg Lys Asp Asp Pro Thr
1000

Lys

Ala

Gly

40

Cys

Ser

Ala

Ser

Ala

120

Ala

Pro

Leu

Gly

Ala

200

Gln

Leu

Thr

Gly

905

Pro

Gly

Ala

Phe

Gly
985

Pro

Pro

25

Pro

Cys

Cys

Pro

Glu

105

Glu

Glu

Ala

Glu

Ala
185
Ala

Ile

Met

Leu

890

Glu

Ser

Pro

Thr

Ala

970

Cys

Gln

10

Glu

Glu

Ala

Thr

Pro

90

Arg

Gly

Pro

Pro

Ala

170

Arg

Val

His

Gln

875

Val

Ser

Gln

Leu

Leu

955

Pro

Ser

His

His

Ser

Glu

Lys

75

Pro

Ala

Glu

Ala

Pro

155

Leu

Ala

Pro

Gln

Arg
235

Glu

Ser

Ala

Phe

940

Lys

His

Pro

Leu

Ala

Arg

Phe

60

Leu

Glu

Glu

Ala

Gly

140

Thr

Leu

Ala

Leu

Leu

220

Pro

Glu

Ser

Ala

925

Thr

Lys

Gly

Ser

Leu

Arg

910

Leu

Cys

His

Pro

Ile
990

Ser

895

Lys

Glu

Val

Met

Gln

975

Thr

880

Leu

Ala

Glu

Phe

Leu

960

Asn

Ser

Ile Pro

1005

Lys

Ala

Ser

45

Phe

Pro

Asp

Ser

Arg

125

Asp

Pro

Ser

Gly

Ile

205

Gln

Pro

Ser

Pro

30

Gly

Lys

Pro

Phe

Glu

110

Pro

Thr

Ala

Thr

Gly

190

Leu

Leu

Pro

Asp

Gly

Gly

Trp

Val

Pro

95

Ala

Val

Arg

Tyr

Lys

175

Ser

Glu

Ile

Arg

Glu

Glu

Glu

Ala

Leu

80

Glu

Ala

Glu

Ala

Gly

160

Val

Gly

Gln

Glu

Pro
240
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78

Ser

Gln

Ala

Ala

Pro

305

Ala

Pro

Gly

Ser

Asn

385

Pro

Phe

Ser

Lys

465

Pro

Ile

Leu

Gln

Ser

545

Ser

Leu

Gly

Asp

625

Glu

Gln

Leu

Leu

Ala

Gln

290

Ala

Ala

Gln

Ala

Gly

370

Ala

Pro

Phe

Ala

Cys

450

His

Tyr

Pro

Asp

Leu

530

Ala

Glu

Ser

Thr

Asp
610
Gly

Gln

Thr

Ser

Pro

Ile

275

Pro

Glu

Pro

Ser

Ala

355

Val

Leu

Asn

Lys

Leu

435

Asn

Phe

Pro

Tyr

Ser

515

Pro

Thr

Cys

Ala

Lys

595

Ala

Ala

Phe

Ser

Pro

Gly

260

Ala

Leu

Pro

Ala

Ala

340

Pro

Ile

Asp

Val

His

420

Gln

Ile

Gln

Val

Gly

500

Lys

Pro

Pro

Ala

Thr

580

Ala

Pro

Pro

Lys

Glu

Ala

245

Leu

Gly

Ser

Ser

Pro

325

Ser

Gly

Phe

Pro

Ser

405

Lys

Ile

Cys

Arg

Pro

485

Met

Pro

Thr

Ala

Ser

565

Ala

Glu

Val

Thr

Ala
645

Thr

Ala

Ala

Ser

Arg

Ala

310

Ala

Thr

Leu

Pro

Leu

390

Val

Cys

His

Gly

His

470

Glu

Ser

Val

Val

Ser

550

Leu

Glu

Pro

Gly

Ser
630

Gln

Ser

Ala

Ala

Gly

Pro

295

Pro

Pro

Pro

Pro

Asn

375

Ser

Phe

Arg

Leu

Asn

455

Lys

Tyr

Leu

Leu

Pro

535

Arg

Ser

Ser

Val

Ala
615
Leu

Phe

Lys

Pro

Leu

Pro

280

Glu

Ala

Ala

Pro

Ser

360

Pro

Ala

Glu

Phe

Arg

440

Arg

Glu

Leu

Pro

Pro

520

Gly

Ser

Pro

Pro

Ser

600

Gln

Gly

Pro

Leu

Ser

Pro

265

Ala

Ser

Ala

Pro

Ala

345

Pro

Leu

Leu

Pro

Cys

425

Ser

Phe

Lys

Asp

Pro

505

Thr

Ala

Pro

Gly

Gln

585

Leu

Ala

Ser

Phe

Gln

Ala

250

Leu

Ala

Gly

Pro

Gln

330

Leu

Leu

Val

Met

Lys

410

Ala

His

Ser

Tyr

Asn

490

Glu

Val

His

Gln

Leu

570

Ser

Pro

Ser

Pro

Gly
650

Gln

Pro

Ser

Pro

Ala

Ser

315

Ser

Ala

Leu

Ser

Lys

395

Ala

Lys

Thr

Thr

Pro

475

Val

Lys

Pro

Gly

Arg

555

Asn

Leu

Cys

Ala

Gly
635

Gly

Leu

Gly

Ala

Ala

Ser

300

Ala

Ala

Pro

Pro

Ile

380

Ser

Val

Gly

Lys

460

His

Pro

Pro

Thr

Tyr

540

Pro

His

Leu

Thr

Ala
620
Leu

Leu

Val

Pro

Gly

Ala

285

Thr

Ala

Ala

Gly

Gln

365

Ala

Arg

Ala

Phe

Glu

445

Gly

Ile

Thr

Val

Ser

525

Ala

Ser

Val

Gly

Asn

605

Pro

Pro

Leu

Glu

Ala

Ala

270

Phe

Pro

Pro

Ser

Ser

350

Thr

Ala

Lys

Glu

Gly

430

Arg

Asn

Gln

Cys

Thr

510

Val

Asp

Pro

Glu

Gly

590

Ala

Thr

Ala

Asp

Asn

Pro

255

Pro

Glu

Gly

Ala

Ser

335

Leu

Ser

Thr

Gly

Asp

415

Ser

Pro

Leu

Met

Ser

495

Thr

Gly

Ser

Ala

Ser

575

Pro

Arg

Ser

Val

Ser
655

Ile

Ser

Ala

Gly

Gly

Pro

320

Gln

Leu

Ala

Ala

Lys

400

Pro

Asp

Phe

Lys

Asn

480

Gly

Trp

Leu

Pro

Ser

560

Gly

Pro

Ala

Val

Ser
640

Met

Asp
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79

-continued

660 665 670

Lys Lys Met Thr Asp Pro Asn Gln Cys Val Ile Cys His Arg Val Leu
675 680 685

Ser Cys Gln Ser Ala Leu Lys Met His Tyr Arg Thr His Thr Gly Glu
690 695 700

Arg Pro Phe Lys Cys Lys Ile Cys Gly Arg Ala Phe Thr Thr Lys Gly
705 710 715 720

Asn Leu Lys Thr His Phe Gly Val His Arg Ala Lys Pro Pro Leu Arg
725 730 735

Val Gln His Ser Cys Pro Ile Cys Gln Lys Lys Phe Thr Asn Ala Val
740 745 750

Val Leu Gln Gln His Ile Arg Met His Met Gly Gly Gln Ile Pro Asn
755 760 765

Thr Pro Leu Pro Glu Gly Phe Gln Asp Ala Met Asp Ser Glu Leu Ala
770 775 780

Tyr Asp Asp Lys Asn Ala Glu Thr Leu Ser Ser Tyr Asp Asp Asp Met
785 790 795 800

Asp Glu Asn Ser Met Glu Asp Asp Ala Glu Leu Lys Asp Ala Ala Thr
805 810 815

Asp Pro Ala Lys Pro Leu Leu Ser Tyr Ala Gly Ser Cys Pro Pro Ser
820 825 830

Pro Pro Ser Val Ile Ser Ser Ile Ala Ala Leu Glu Asn Gln Met Lys
835 840 845

Met Ile Asp Ser Val Met Ser Cys Gln Gln Leu Thr Gly Leu Lys Ser
850 855 860

Val Glu Asn Gly Ser Gly Glu Ser Asp Arg Leu Ser Asn Asp Ser Ser
865 870 875 880

Ser Ala Val Gly Asp Leu Glu Ser Arg Ser Ala Gly Ser Pro Ala Leu
885 890 895

Ser Glu Ser Ser Ser Ser Gln Ala Leu Ser Pro Ala Pro Ser Asn Gly
900 905 910

Glu Ser Phe Arg Ser Lys Ser Pro Gly Leu Gly Ala Pro Glu Glu Pro
915 920 925

Gln Glu Ile Pro Leu Lys Thr Glu Arg Pro Asp Ser Pro Ala Ala Ala
930 935 940

Pro Gly Ser Gly Gly Ala Pro Gly Arg Ala Gly Ile Lys Glu Glu Ala
945 950 955 960

Pro Phe Ser Leu Leu Phe Leu Ser Arg Glu Arg Gly Lys Cys Pro Ser
965 970 975

Thr Val Cys Gly Val Cys Gly Lys Pro Phe Ala Cys Lys Ser Ala Leu
980 985 990

Glu Ile His Tyr Arg Ser His Thr Lys Glu Arg Pro Phe Val Cys Ala
995 1000 1005

Leu Cys Arg Arg Gly Cys Ser Thr Met Gly Asn Leu Lys Gln His
1010 1015 1020

Leu Leu Thr His Arg Leu Lys Glu Leu Pro Ser Gln Leu Phe Asp
1025 1030 1035

Pro Asn Phe Ala Leu Gly Pro Ser Gln Ser Thr Pro Ser Leu Ile
1040 1045 1050

Ser Ser Ala Ala Pro Thr Met Ile Lys Met Glu Val Asn Gly His
1055 1060 1065

Gly Lys Ala Met Ala Leu Gly Glu Gly Pro Pro Leu Pro Ala Gly
1070 1075 1080
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-continued

Val Gln Val Pro Ala Gly Pro Gln Thr Val Met Gly Pro Gly Leu
1085 1090 1095

Ala Pro Met Leu Ala Pro Pro Pro Arg Arg Thr Pro Lys Gln His
1100 1105 1110

Asn Cys Gln Ser Cys Gly Lys Thr Phe Ser Ser Ala Ser Ala Leu
1115 1120 1125

Gln Ile His Glu Arg Thr His Thr Gly Glu Lys Pro Phe Gly Cys
1130 1135 1140

Thr Ile Cys Gly Arg Ala Phe Thr Thr Lys Gly Asn Leu Lys Val
1145 1150 1155

His Met Gly Thr His Met Trp Asn Asn Ala Pro Ala Arg Arg Gly
1160 1165 1170

Arg Arg Leu Ser Val Glu Asn Pro Met Ala Leu Leu Gly Gly Asp
1175 1180 1185

Ala Leu Lys Phe Ser Glu Met Phe Gln Lys Asp Leu Ala Ala Arg
1190 1195 1200

Ala Met Asn Val Asp Pro Ser Phe Trp Asn Gln Tyr Ala Ala Ala
1205 1210 1215

Ile Thr Asn Gly Leu Ala Met Lys Asn Asn Glu Ile Ser Val Ile
1220 1225 1230

Gln Asn Gly Gly Ile Pro Gln Leu Pro Val Ser Leu Gly Gly Ser
1235 1240 1245

Ala Leu Pro Pro Leu Gly Ser Met Ala Ser Gly Met Asp Lys Ala
1250 1255 1260

Arg Thr Gly Ser Ser Pro Pro Ile Val Ser Leu Asp Lys Ala Ser
1265 1270 1275

Ser Glu Thr Ala Ala Ser Arg Pro Phe Thr Arg Phe 1Ile Glu Asp
1280 1285 1290

Asn Lys Glu Ile Gly Ile Asn
1295 1300

<210> SEQ ID NO 11

<211> LENGTH: 1053

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Ser Arg Arg Lys Gln Ala Lys Pro Gln His Ile Asn Ser Glu Glu
1 5 10 15

Asp Gln Gly Glu Gln Gln Pro Gln Gln Gln Thr Pro Glu Phe Ala Asp
20 25 30

Ala Ala Pro Ala Ala Pro Ala Ala Gly Glu Leu Gly Ala Pro Val Asn
35 40 45

His Pro Gly Asn Asp Glu Val Ala Ser Glu Asp Glu Ala Thr Val Lys
50 55 60

Arg Leu Arg Arg Glu Glu Thr His Val Cys Glu Lys Cys Cys Ala Glu
65 70 75 80

Phe Phe Ser Ile Ser Glu Phe Leu Glu His Lys Lys Asn Cys Thr Lys
85 90 95

Asn Pro Pro Val Leu Ile Met Asn Asp Ser Glu Gly Pro Val Pro Ser
100 105 110

Glu Asp Phe Ser Gly Ala Val Leu Ser His Gln Pro Thr Ser Pro Gly
115 120 125

Ser Lys Asp Cys His Arg Glu Asn Gly Gly Ser Ser Glu Asp Met Lys
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84

Glu
145

Leu

Ala

Asn

Gln

225

Met

Leu

Ala

Leu

Ser

305

Arg

Gln

Leu

Lys
385

Leu

Pro

Ile

465

Thr

Asp

Pro

Asn

Gly
545

130

Lys

Pro

Asn

Asn

Ser

210

Leu

Trp

Lys

Leu

Lys

290

Leu

Val

Ala

Asp

Asp

370

Tyr

Arg

Arg

Gln

Ala

450

Asp

Ser

Leu

Glu

Ser
530

Ser

Pro

Pro

Thr

Gln

195

Ile

Gln

Ala

Thr

Leu

275

Gln

Ser

Leu

Pro

Thr

355

Val

Cys

Ser

Phe

Val

435

Ala

Glu

Val

Thr

Ser
515

Pro

Glu

Asp

Thr

Asn

180

Arg

Pro

Gln

Ser

Leu

260

Ser

Ala

Pro

Pro

Gly

340

Ser

Lys

Ser

His

Thr

420

Lys

Gly

Pro

Gly

Gly

500

Glu

Arg

Thr

Ala

Pro

165

Val

Ser

Trp

Ile

His

245

Gly

Gln

Lys

Gly

Asn

325

Ser

Lys

Pro

Lys

Thr

405

Thr

Ala

Asn

Ser

Leu

485

Gly

Gly

Ala

Leu

Glu

150

Gln

Thr

Ala

Val

Gln

230

Ala

Ser

Lys

Leu

Leu

310

Val

Val

Lys

Lys

Val

390

Gly

Lys

Asn

Gly

Leu

470

Pro

Ser

Gly

Gly

Lys
550

135

Ser

Asp

Leu

Asp

Leu

215

Leu

Leu

His

Ala

Pro

295

Ala

Met

Leu

Gly

Asp

375

Phe

Glu

Gly

Pro

Ile

455

Ser

Gln

Leu

Pro

Gly
535

Leu

Val

Ile

Gln

Ala

200

Glu

Thr

His

Met

Gly

280

His

Pro

Ser

Phe

Lys

360

Glu

Gly

Arg

Asn

Gln

440

Pro

Leu

Asn

Pro

Thr
520

Phe

Gln

Val

Ser

Ala

185

Leu

Gln

Glu

Ser

Ser

265

Ser

Ala

Phe

Arg

Gln

345

Gly

Ala

Thr

Pro

Leu

425

Leu

Tyr

Asp

Leu

Gly
505
Leu

Gln

Gln

Tyr

Tyr

170

Leu

Pro

Ile

Gln

Ser

250

Gln

Gln

Asn

Thr

Leu

330

Ser

Lys

Ala

Asp

Phe

410

Lys

Phe

Ala

Ser

Ser

490

Asp

Pro

Gly

Leu

Leu

155

Leu

Arg

Ala

Leu

Ile

235

Gly

Gln

Gly

Ile

Leu

315

Pro

Pro

Pro

Leu

Ser

395

Val

Val

Ala

Leu

Lys

475

Ser

Leu

Gly

Ser

Val
555

140

Lys

Ala

Gly

Pro

Cys

220

Arg

Ala

Val

Leu

Pro

300

Lys

Ser

Phe

Pro

Tyr

380

Ser

Cys

His

Glu

Ser

460

Pro

Gly

Gln

Val

Gly
540

Glu

Thr

Lys

Thr

Val

205

Leu

Ile

Gly

Ser

Ser

285

Ser

Pro

Ala

Ser

Asn

365

Lys

Leu

Ser

Phe

Phe

445

Val

Val

Thr

Pro

Gly
525

Thr

Asn

Glu

Gly

Lys

190

Pro

Gln

Gln

Ala

Ala

270

Leu

Ala

Asp

Leu

Thr

350

Ile

His

Gln

Val

His

430

Gln

Pro

Leu

Asn

Gly
510
Pro

Pro

Ile

Thr

Lys

175

Val

Gly

Gln

Val

Asp

255

Ala

Asp

Thr

Gly

Leu

335

Val

Ser

Lys

Ile

Cys

415

Arg

Asp

Asp

Val

Pro

495

Pro

Asn

Glu

Asp

Ala

160

Val

Ala

Ala

Gln

Asn

240

Thr

Val

Ala

Ser

Thr

320

Pro

Ala

Ala

Cys

His

400

Gly

His

Lys

Pro

Thr

480

Lys

Ser

Tyr

Pro

Lys
560
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86

Ala

Cys

Pro

Leu

Gln

625

Leu

Pro

Glu

Ser

705

Thr

Gly

Ser

Asp

Phe

785

Lys

Thr

Pro

Ser

Arg

865

Ser

Pro

Leu

Arg

Asp

945

Ser

Thr

Gln

Phe

Lys

610

His

Gln

Leu

Gly

Ser

690

Ser

Leu

Pro

Val

Gln

770

Gln

Ser

Glu

Pro

Thr

850

Gln

Ala

Phe

Lys

Gly

930

Gly

Val

Thr

Ser

Gln

595

Thr

Ser

Gln

Pro

Glu

675

Ile

Lys

Gly

Ala

Glu

755

Glu

Ala

Pro

Met

Thr

835

Leu

Ala

Ser

Val

Val
915
Arg

Lys

Asn

Asp

Ser

580

Cys

His

Cys

His

Glu

660

Asn

Asp

Val

Phe

Pro

740

Ser

Tyr

Leu

Asp

Glu

820

Tyr

Ser

Lys

Ala

Cys

900

His

Lys

Arg

Val

Pro

565

Leu

Lys

Leu

Pro

Ile

645

Asn

Gly

Val

Pro

Ala

725

Phe

Asp

Gln

Ser

Ala

805

Gly

Val

Pro

Gln

Leu

885

Asn

Tyr

Leu

Val

Asp
965

Asn

Lys

Ile

Gly

Ile

630

Arg

Pro

Ser

Glu

Thr

710

Met

Asn

Gly

Ser

Pro

790

Gly

Arg

Lys

Gly

His

870

Gln

Ile

Met

Ala

Ser

950

Pro

Glu

Met

Cys

Val

615

Cys

Met

Cys

Thr

Glu

695

Pro

Met

Leu

Leu

Arg

775

Ala

Ser

Ser

Val

Met

855

Gly

Ile

Cys

Thr

Ile
935

Glu

Val

Cys

His

Gly

600

His

Gln

His

Asp

Gly

680

Val

Leu

Ala

Gln

Thr

760

Ser

Asn

Lys

Ser

Glu

840

Thr

Cys

His

Gly

His

920

Glu

Ile

Val

Leu

Tyr

585

Arg

Arg

Lys

Met

Phe

665

Ala

Ser

Pro

Ser

Arg

745

Asn

Pro

Ser

Ala

Leu

825

Val

Pro

Thr

Glu

Arg

905

Gly

Asn

Phe

Trp

Ile

570

Arg

Ala

Thr

Lys

Gly

650

Thr

Ile

Ser

Ser

Leu

730

Gln

Asp

Asp

Gln

Glu

810

Pro

Pro

Leu

Arg

Arg

890

Ala

Ala

Thr

Pro

Asn
970

Cys

Thr

Phe

Asn

Phe

635

Gly

Gly

Cys

Gln

Ile

715

Asp

Gly

Ser

Ile

Ala

795

Ser

Ser

Gly

Leu

Cys

875

Thr

Phe

Asn

Met

Lys

955

Gln

His

His

Ser

Thr

620

Thr

Gln

Ser

His

Glu

700

Ala

Ser

Ser

Leu

780

Glu

Ser

Thr

Thr

Ala

860

Gly

His

Thr

Asn

Ala
940

Glu

Tyr

Arg

Thr

Thr

605

Ser

Asn

Ile

Glu

Asp

685

Ala

Ser

Pro

Arg

Ser

765

Glu

Ser

Glu

Phe

Phe

845

Ala

Lys

Thr

Thr

Asn

925

Leu

Ile

Thr

Val

Gly

590

Lys

Ile

Ala

Pro

Pro

670

Asp

Pro

Ala

Gly

Glu

750

Leu

Thr

Ile

Asn

Ile

830

Val

Gln

Asn

Gly

Lys

910

Ser

Leu

Leu

Ser

Leu

575

Glu

Gly

Lys

Val

Asn

655

Met

Val

Ser

Ser

Lys

735

Asn

Met

Thr

Lys

Ser

815

Arg

Gly

Pro

Phe

Glu

895

Gly

Ala

Gly

Ala

Met
975

Ser

Arg

Asn

Thr

Met

640

Thr

Thr

Ile

Ser

Pro

720

Val

Gly

Gly

Ser

Ser

800

Arg

Ala

Pro

Arg

Ser

880

Lys

Asn

Arg

Thr

Pro
960

Leu
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ntinued

88

Asn

Gly

Asn

Ser

Gly Gly Leu Ala Val Lys Thr Asn Glu Ile Ser Val Ile Gln Ser

980

Gly Val Pro Thr Leu Pro
995

Asn Ala Thr Val Ser Lys
1010 101

Ala Asp Val Glu Lys Pro
1025 103

Val
1000

985

Ser Leu Gly Ala Thr

1

Met Asp Gly Ser Gln

5

Ser Ala Thr Asp

0

1020

1035

Gln Phe Pro His Phe Leu Glu Glu Asn Lys Ile

1040 104

<210> SEQ ID NO 12

<211> LENGTH: 616

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (113)..(113)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (141)..(141)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (442)..(442)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (444)..(445)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (456)..(456)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (602)..(602)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (613)..(613)
<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 12

Met
1
Asp

Ala

Arg

65

Phe

Asn

Xaa

Ser

Glu

Ser Arg Arg Lys Gln Ala
Gln Gly Glu Gln Gln Pro
20

Ala Pro Ala Ala Pro Ala
35

Pro Gly Asn Asp Glu Val
50 55

Leu Arg Arg Glu Glu Thr
70

Phe Ser Ile Ser Glu Phe
85

Pro Pro Val Leu Ile Met
100

Asp Phe Ser Gly Ala Val
115

Glu Asp Cys His Arg Glu
130 135

Lys Pro Asp Ala Glu Ser

5

can

can

can

can

can

can

can

Lys

Gln

Ala

Ala

His

Leu

Asn

Leu

120

Asn

Val

be

be

be

be

be

be

be

Pro

Gln

25

Gly

Ser

Val

Glu

Asp
105
Ser

Gly

Val

any

any

any

any

any

any

any

Gln

10

Gln

Glu

Glu

Cys

His

90

Ser

His

Gly

Tyr

1050

naturally

naturally

naturally

naturally

naturally

naturally

naturally

His Ile As

Thr Pro Gl

Leu Gly Al
45

Asp Glu Al
60

990

005

Ser Val Val

Ser Gly Ile

Gly Val Pro Lys

Ala Val Ser

occurring

occurring

occurring

occurring

occurring

occurring

occurring

n Ser Glu
15

u Phe Ala
30

a Pro Val

a Thr Val

Glu Lys Cys Cys Ala

75

Lys Lys As

Glu Gly Pr

n Cys Thr
95

o Val Pro
110

Gln Pro Thr Ser Pro

12

Ser Ser Xa
140

5

a Asp Ile

Leu Lys Thr Glu Thr

amino

amino

amino

amino

amino

amino

amino

Glu

Asp

Asn

Lys

Glu

80

Lys

Ser

Gly

Lys

Ala

acid

acid

acid

acid

acid

acid

acid
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-continued

90

145

Leu

Ala

Asn

Gln

225

Met

Leu

Ala

Leu

Ser

305

Arg

Gln

Leu

Arg
385
Lys

Gly

Gln

Ile

465

Met

Ala

Ser

Pro

545

Leu

Pro

Asn

Asn

Ser

210

Leu

Trp

Lys

Leu

Lys

290

Leu

Val

Ala

Asp

Asp

370

Ser

Val

Met

Gly

Ile

450

Cys

Thr

Ile

Glu

Val
530

Lys

Pro

Pro

Thr

Gln

195

Ile

Gln

Ala

Thr

Leu

275

Gln

Ser

Leu

Pro

Thr

355

Val

Ser

Glu

Thr

Cys

435

His

Gly

His

Glu

Ile
515
Val

Thr

Val

Thr

Asn

180

Arg

Pro

Gln

Ser

Leu

260

Ser

Ala

Pro

Pro

Gly

340

Ser

Lys

Leu

Val

Pro

420

Thr

Glu

Arg

Gly

Asn

500

Phe

Trp

Asn

Ser

Pro

165

Val

Ser

Trp

Ile

His

245

Gly

Gln

Lys

Gly

Asn

325

Ser

Lys

Pro

Pro

Pro

405

Leu

Arg

Arg

Ala

Ala

485

Thr

Pro

Asn

Glu

Leu
565

150

Gln

Thr

Ala

Val

Gln

230

Ala

Ser

Lys

Leu

Leu

310

Val

Val

Lys

Lys

Ser

390

Gly

Leu

Cys

Thr

Phe

470

Asn

Met

Lys

Gln

Ile
550

Gly

Asp

Leu

Asp

Leu

215

Leu

Leu

His

Ala

Pro

295

Ala

Met

Leu

Gly

Asp

375

Thr

Thr

Ala

Gly

His

455

Thr

Asn

Ala

Glu

Tyr
535

Ser

Ala

Ile

Gln

Ala

200

Glu

Thr

His

Met

Gly

280

His

Pro

Ser

Phe

Lys

360

Glu

Phe

Phe

Ala

Lys

440

Xaa

Thr

Asn

Leu

Ile
520
Thr

Val

Thr

Ser

Ala

185

Leu

Gln

Glu

Ser

Ser

265

Ser

Ala

Phe

Arg

Gln

345

Gly

Ala

Ile

Val

Gln

425

Asn

Gly

Lys

Ser

Leu

505

Leu

Ser

Ile

Ser

Tyr

170

Leu

Pro

Ile

Gln

Ser

250

Gln

Gln

Asn

Thr

Leu

330

Ser

Lys

Ala

Arg

Gly

410

Pro

Xaa

Glu

Gly

Ala

490

Gly

Ala

Met

Gln

Val
570

155

Leu

Arg

Ala

Leu

Ile

235

Gly

Gln

Gly

Ile

Leu

315

Pro

Pro

Pro

Leu

Ala

395

Pro

Arg

Ser

Lys

Asn

475

Arg

Thr

Pro

Leu

Ser
555

Val

Ala

Gly

Pro

Cys

220

Arg

Ala

Val

Leu

Pro

300

Lys

Ser

Phe

Pro

Tyr

380

Pro

Ser

Gly

Xaa

Pro

460

Leu

Arg

Asp

Ser

Asn
540

Gly

Asn

Lys

Thr

Val

205

Leu

Ile

Gly

Ser

Ser

285

Ser

Pro

Ala

Ser

Asn

365

Lys

Pro

Thr

Gln

Xaa

445

Phe

Lys

Gly

Gly

Val
525
Gly

Gly

Asn

Gly

Lys

190

Pro

Gln

Gln

Ala

Ala

270

Leu

Ala

Asp

Leu

Thr

350

Ile

His

Thr

Leu

Ala

430

Ser

Val

Val

Arg

Lys

510

Asn

Gly

Val

Ala

Lys

175

Val

Gly

Gln

Val

Asp

255

Ala

Asp

Thr

Gly

Leu

335

Val

Ser

Lys

Tyr

Ser

415

Lys

Ala

Cys

His

Lys

495

Arg

Val

Leu

Pro

Thr
575

160

Val

Ala

Ala

Gln

Asn

240

Thr

Val

Ala

Ser

Thr

320

Pro

Ala

Ala

Cys

Val

400

Pro

Gln

Leu

Asn

Tyr

480

Leu

Val

Asp

Ala

Thr
560

Val
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91

92

-continued

Ser Lys Met Asp Gly Ser Gln
580

Ser
585

Pro Ser Ala Thr Asp Gly Val
595

Pro
600 605
Glu Glu Asn Lys Xaa Ala Val

610 615

Ser

590

Gly Ile Ser Ala Asp Val Glu Lys

Lys Xaa Gln Phe Pro His Phe Leu

What is claimed is:

1. A method for expanding a hematopoietic stem cell popu-
lation, the method comprising providing to the stem cell
population a Sal-like 4 (SALL4) polypeptide attached to a
transport moiety capable of crossing a cell membrane, in an
amount effective to expand the stem cell population.

2. The method of claim 1, wherein the hematopoietic stem
cell is an adult hematopoietic stem cell.

3. The method of claim 1, wherein the hematopoietic stem
cell is in or derived from umbilical cord blood, peripheral
blood, bone marrow, or spleen.

4. The method of claim 1, wherein the hematopoietic stem
cell is a human stem cell.

5. The method of claim 1, wherein the transport moiety is
a HIV-1transactivator of transcription (TAT) peptide, a
Chariot protein, an arginine-rich peptide, an Antennapedia-
derived penetratin peptide, a herpes simplex virus type 1
VP22 protein, or a +36 GFP.

6. The method of claim 1, wherein the SALL4 polypeptide
comprises amino acids in the sequence set forth as SEQ ID
No: 11 or 12.

7. The method of claim 1, wherein the stem cell population
is expanded 10-fold, 20-fold, 50-fold, 100-fold, or 1000-fold.

8. A method for expanding a hematopoietic stem cell popu-
lation ex vivo, the method comprising providing to the ex vivo
stem cell population Sal-like 4 (SALL4) polypeptide in an
amount effective to expand the stem cell population.

9. The method of claim 8, wherein the cell population is
cultured in media comprising 50 ng/ml FMS-like tyrosine
kinase-3 (FLT-3), 50 ng/ml Thrombopoietin (TPO), and/or 50
ng/ml Stem cell factor (SCF) or in media comprising 25 ng/ml

15

20

25

30

40

FMS-like tyrosine kinase-3 (FLT-3), 25 ng/ml Thrombopoi-
etin (TPO), and/or 25 ng/ml Stem cell factor (SCF).

10. The method of claim 8, wherein the SALL4 polypep-
tide is encoded by a nucleotide sequence comprising the
sequence set forth as SEQ ID No: 5 or 6.

11. The method of claim 8, wherein a stem cell in the
population is transduced with a viral vector comprising
nucleotides encoding the SALL4 polypeptide, thereby pro-
viding the SALL4 polypeptide to the stem cell population.

12. The method of claim 11, wherein expression of said
SALLA4 polypeptide is under the control of an inducible pro-
moter.

13. The method of claim 8, wherein the hematopoietic stem
cell population is an adult hematopoietic stem cell popula-
tion.

14. The method of claim 8, wherein the hematopoietic stem
cell population is in or derived from umbilical cord blood,
peripheral blood, bone marrow, or spleen.

15. A method for treatment of a disorder in a subject requir-
ing a hematopoietic stem cell or an expanded hematopoietic
stem cell, the method comprising:

a) obtaining a hematopoietic stem cell population,

b) providing to the stem cell population a composition
comprising a Sal-like 4 (SALL4) polypeptide in an
effective amount for the expansion of the stem cell popu-
lation, and

¢) transplanting the expanded stem cell population to the
subject in an amount effective for the treatment of said
disorder.



